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119 we assess the degree of niche conservatism between distant populations of native alpine plant 
120 species that have been separated for thousands of years. 
121 Location European Alps and Fennoscandia. 
122 Methods Of the studied pool of 888 terrestrial vascular plant species occurring in both the 
123 Alps and Fennoscandia, we used two complementary approaches to test and quantify 
124 climatic-niche shifts for 31 species having strictly disjunct populations and 358 species 
125 having either a contiguous or a patchy distribution with distant populations. First, we used 
126 species distribution modelling to test for a region effect on each species’ climatic niche.
127 Second, we quantified niche overlap and shifts in niche width (i.e., ecological amplitude) and 
128 position (i.e., ecological optimum) within a bi-dimensional climatic space. 
129 Results Only one species (3%) of the 31 species with strictly disjunct populations and 58 
130 species (16%) of the 358 species with distant populations showed a region effect on their 
131 climatic niche. Niche overlap was higher for species with strictly disjunct populations than for 
132 species with distant populations and highest for Arctic-alpine species. Climatic niches were, 
133 on average, wider and located towards warmer and wetter conditions in the Alps. 
134 Main conclusion Climatic niches seem to be generally conserved between populations that 
135 are separated between the Alps and Fennoscandia and likely have been so for 10,-15,000 
136 years. Therefore, the basic assumption of species distribution models that species’ climatic
137 niche is constant in space and time - at least on time scales 104 years or less - seems to be 
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139 INTRODUCTION 
140 A long-standing question in ecology is whether species populations that occupy distant 
141 regions have retained a similar environmental niche over space and time (Lavergne et al., 
142 2010). Determining whether geographically distant populations have evolved distinct niches, 
143 to what extent, and under which conditions, is of paramount importance in predicting future 
144 biodiversity under climate change. Indeed, most correlative models used to predict species 
145 range changes take the assumption that species’ environmental niches are relatively constant
146 in space and time (Guisan et al., 2014). 
147 A challenge in predictive modelling is that species’ fundamental environmental niche 
148 reflecting their physiological tolerances cannot be estimated from empirical field data because 
149 other factors, such as biotic interactions and dispersal limitations, often restrict the range of 
150 conditions species may encounter. The latter is often called the realised ecological niche 
151 (Hutchinson, 1957; Austin et al., 1990). For example, changes in biotic interactions or 
152 dispersal limitations across regions may create two distinct realised niches within the same 
153 global fundamental niche. Conversely, lack of change of the realised niche usually indicates 
154 that the underlying fundamental niche remained the same across regions but does not exclude 
155 directional selection and local adaptation to occur within each region separately. Assessments 
156 of climatic niche differences between distant populations originating from distinct post- 
157 glaciation colonisation events are particularly informative on the species’ abilities to modify
158 their ecological requirements under climate change. However, such comparisons have rarely 
159 been undertaken (but see Pellissier et al., 2013). 
160 Here, we extend a niche comparison between distant populations of native species by 
161 using a large sample of vascular plants (n = 888) that have successfully recolonised both the 
162 European Alps and Fennoscandia. These two geographically separated mountainous regions 
163 have the advantage of having different recolonisation histories during the last glacial- 
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165 Maximum (LGM, ca 23,000-18,000 yr BP), Fennoscandia was largely covered by the 
166 Eurasian ice-sheet (Svendsen et al., 2004), while much smaller ice caps covered parts of the 
167 Alps  with  numerous  ice-free  refugial  areas  located  relatively  close  to  each  other 
168 (Schönswetter et al., 2005). Thus, the process of post-glacial recolonisation of all climatically 
169 suitable sites (i.e. range-filling) by high-elevation plants surviving the LGM at the margins of 
170 both the Alps (Schönswetter et al., 2005) and the Eurasian ice-sheet (Birks, 1994), and on the 
171 nunataks or other ice-free pockets in the Alps (Stehlik et al., 2002), has probably been less 
172 constrained by dispersal limitations in the Alps (Dullinger et al., 2012) than in Fennoscandia. 
173 In addition, population adaptability, and also genetic variation may have been enhanced 
174 in the Alps because of the proximity of the Alps to the main southern refugia of the temperate 
175 European flora (Iberian, Italian, and Balkan Peninsulas) (Birks & Willis, 2008), with larger 
176 population sizes and genetic diversity (Hewitt, 2000). This may have fostered a species’
177 capability to exploit available post-glacial ice-free areas and thus widened its fundamental 
178 climatic niche as well as shifted its fundamental climatic niche towards warmer conditions 
179 (genetic diversity hypothesis). In contrast, the long-distance recolonisation of Fennoscandia is 
180 likely to have involved repeated founder events, successively reducing the genetic variation 
181 and most likely also the fundamental climatic niche (e.g. Giesecke, 2005). Additionally, such 
182 long-distance recolonisation of Fennoscandia not only originated from the main southern 
183 refugia located in southern Europe, but also from eastern refugia located in Russia (Eidesen et 
184 al., 2013), which may have shifted the fundamental climatic niche towards colder conditions 
185 due to founder events from cold-adapted populations. 
186 Total vascular plant species richness in the Alps is much higher than in Fennoscandia 
187 (Lenoir et al., 2010), generating different competition regimes, which may result in different 
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189 2013). The greater the number of species in a region, the narrower the species’ realised niche
190 width should theoretically be (regional diversity-niche width hypothesis; MacArthur, 1972), 
191 due to contraction at the least stressful margin of the environmental gradient. This would lead 
192 to the expectation of narrower realised niches through contraction of the warmer part of the 
193 range, resulting in the species being observed towards colder conditions in the Alps. 
194 Finally, potential differences in the realised climatic niche between distant populations 
195 of the same species can be related to its traits. For instance, a generalist species may have a 
196 wider fundamental niche and thus more easily adjust its realised niche to peculiarities of 
197 different regions than a specialist whose fundamental niche is too narrow to allow pronounced 
198 regional shifts of the realised niche (Pearman et al., 2008). Dispersal traits may also cause 
199 disjunct populations of a dispersal-limited species to be more genetically isolated favouring 
200 local adaptation and hence fostering niche differentiation. Linking traits with the extent of 
201 niche overlap between two distant populations of the same species could therefore be 
202 informative. 
203 With this background, we aim to answer five questions: (i) Do the realised climatic 
204 niches of species native to both the Alps and Fennoscandia differ between the two regions? 
205 (ii) To what extent does the realised climatic niche of a species overlap between the two 
206 regions? (iii) Is there a trend towards wider (supporting the genetic diversity hypothesis) or 
207 narrower (supporting the diversity-niche width hypothesis) realised climatic niches in the 
208 Alps? (iv) Are the realised climatic niches of species shifting towards warmer (supporting the 
209 genetic-diversity hypothesis) or colder (supporting the diversity-niche width hypothesis) 
210 conditions in the Alps? (v) How much of the variation in species’ niche overlap can be
211 explained by species’ traits?
9  
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215 the Alpine Convention Boundary (http://www.alpconv.org/) and Fennoscandia as delineated 
216 by the administrative boundaries of Norway, Sweden, Finland and Denmark (excluding 
217 islands such as the Svalbard archipelago) (Fig. 1(a)). To select the list of terrestrial vascular 
218 plant species occurring in both regions, we assembled about 70,000 vegetation plots from two 
219 different European vegetation databases: (i) the Alps vegetation database (AVD, n = 31,524, 
220 http://www.givd.info/ID/EU-00-014) (Lenoir et al., 2012) and (ii) the Nordic vegetation 
221 database (NVD, n = 41,785, http://www.givd.info/ID/EU-00-018) (Lenoir et al., 2013). The 
222 888 species occurring in both databases correspond to the common species pool (see 
223 Appendix S1 in Supporting Information). 
224 Because most of these 888 species also occur outside our study area, it is likely that the 
225 estimates of the realised climatic niche will be truncated for at least one of the two studied 
226 populations and thus potentially affecting our results. To account for such effects, we 
227 screened each of the 888 species’ range maps (Meusel et al., 1965, 1978, 1992) to subdivide 
228 the  species  into  two  subsets: (i)  species  having  a  disjunct  distribution  restricted  to 
229 mountainous areas or Arctic-alpine tundra with at least one population strictly confined to the 
230 Alps and another strictly confined to Fennoscandia, hereafter referred as the group of 
231 “disjunct” distribution for which the entire realised climatic niche is assumed to be captured 
232 (n = 91); and (ii) species having either a contiguous distribution between the Alps and 
233 Fennoscandia, with these simply constituting distant populations, or a patchy distribution not 
234 restricted to mountainous areas or Arctic-alpine tundra with populations extending outside the 
235 Alps or Fennoscandia, hereafter referred as the group of “widespread” distribution, for which






























































Global Ecology and Biogeography Page 12 of 140 
Wasof et al. 
237 797). For this latter group we still assume that the populations are so widely separated that 
238 they are genetically separated. We analysed and reported all our results separately for the 
239 disjunt and widespread groups. 
240 
241 Climatic data 
242 We used nine bioclimatic variables expected to have direct ecophysiological impacts on plant 
243 distributions (Prentice et al., 1992). Three related to temperature: growing-degree-days above 
244 0°C (GDD); absolute minimum temperature (AMT); and continentality index (CI). The 
245 remaining six were water-related variables: annual aridity index (AI: note, higher AI values 
246 represent more humid conditions); annual potential evapotranspiration (PET); annual actual 
247 evapotranspiration (AET); Priestley-Taylor alpha coefficient (ALPHA = AET/PET); water 
248 balance  over  the  year (sum  of  monthly  precipitation  minus  monthly  potential 
249 evapotranspiration) (WBAL); and soil water content of the most stressful month (SWC). All 
250 variables were derived from globally available datasets at a spatial resolution of one 
251 kilometre:  WorldClim (Hijmans  et  al., 2005:  http://www.worldclim.org/)  and  CGIAR 
252 (CGIAR-CSI: http://www.cgiar-csi.org/) (Appendix S2). 
253 
254 Presence and absence data 
255 For each of the 888 species, we followed a set of data-handling procedures (Appendix S3). 
256 We first compiled geo-referenced presence records by querying AVD, NVD, and the Global 
257 Biodiversity Information Facility (GBIF: http://www.gbif.org/) and geo-referenced absence 
258 records from AVD and NVD. Presence (AVD, NVD, GBIF) and absence (AVD, NVD) data 
259 were then aggregated across the study area at a 1-km resolution (cf. climatic grids) to compute 
260 a probability of presence (pr) of the focal species per grid cell by dividing the number of 
261 presence records found within a given grid cell by the total number of presence and absence 
11  
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1  
2  
3 262 records of that species in it. Note that we could not compute a pr value for grid cells without 
4  
5 263 information on presence and absence data and thus grid cells lacking these data were not used 
6  






















































265 value had been computed to limit spatial autocorrelation issues and to balance sampling effort 
266 between regions (Appendix S3). 
267 
268 Trait data 
269 To explain the observed differences in the realised climatic niche of species between the Alps 
270 and Fennoscandia, we assembled data on species’ traits according to their biogeography,
271 ecology, and biology. For biogeographic data, we extracted information on chorology (i.e. 
272 biogeographic origins) from Landolt et al. (2010). For ecological data, we used Ellenberg 
273 indicator values (Ellenberg et al., 1991) for light (L), soil nutrients (N), soil pH (R), soil 
274 moisture (F), temperature (T), and continentality (K). For biological data, we collected data 
275 on plant height, specific leaf area (SLA), diaspore mass and Raunkiaer's life-forms from 
276 several sources (Appendix S1). Diaspore mass and plant-height values were log-transformed 
277 prior to analyses. 
278 
279 Data analyses 
280 To compare the realised climatic niches between two distant populations of the same species, 
281 we used two complementary approaches. First, we tested for any overall regional differences 
282 (region effect) in the realised climatic niche of each species using an environmental niche 
283 modelling (ENM) approach based on generalised linear models (GLMs). Second, we used a 
284 bivariate analysis based on the two most statistically significant climatic layers found in the 
285 GLMs, one temperature related variable (GDD) and one water-related variable (AI), to 
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287 differences in the realised climatic niches between distant populations in the Alps and 
288 Fennoscandia were assessed, we linked species’ niche overlap values to species’ traits.
289 
290 Region effect 
291 For each of the 888 species, all 1-km2 grid cells retained after the selection process 
292 (Appendix S3) were split into two subsets: one subset for model development (training 
293 dataset) including 2/3 of the selected grid cells and one subset for model validation (test 
294 dataset) consisting of the remaining grid cells. Because of this splitting, 550 species, of which 
295 55 belong to the disjunct group, were sufficiently frequent (i.e. having a pr value exceeding 0 
296 in at least 50 grid cells within each region of the training dataset) to be retained for model 
297 development. 
298 For each of the 550 selected species, we ran a series of GLMs for proportion data 
299 (binomial distribution) with pr as the dependent variable to select the most influential 
300 bioclimatic variables (GDD, AMT, CI, PET, AET, WBAL, ALPHA, AI, SWC). We then 
301 added the region variable (Alps vs. Fennoscandia) and tested its potential interaction with any 
302 of the selected climatic variables in the models (Appendix S4). Finally, we updated the model 
303 by incorporating the total number of presence/absence records per grid cell as a covariate to 
304 correct for the effect of sampling effort across the study area and checked for overdispersion. 
305 When overdispersion was detected a quasi-binomial error function was used. 
306 We then evaluated the quality of the GLM using the test dataset for each species and the 
307 area under the receiver-operating characteristic curve (AUC) ranging from 0.5 (poor models) 
308 to 1 (perfect models) (Swets, 1988). We decided to retain only the best models by focusing on 
309 species that had AUC values greater than 0.8 for further comparisons of the realised climatic 
310 niche between regions. A total of 389 species, of which 31 belong to the disjunct group, out of 
311 550 fulfilled this requirement (Fig. S5 in Appendix S5). To transform the predicted 
13  
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3 312 probability of presence into presence/absence data (Fig. S3 in Appendix S3), we computed 
4  
5 313 the sensitivity-specificity sum maximiser criterion (MST) based on the test dataset (Jiménez- 
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315 Finally, for each of the 389 species, we merged the training and test datasets to 
316 recalibrate the final model based on all the available data. To test for regional differences in 
317 the realised climatic niche of a given species, we focused on the significance of the interaction 
318 terms (Fig. 2 and Fig. S6 in Appendix S6). 
319 
320 Observed niche overlap 
321 We estimated niche overlap between the two regions within the bi-dimensional climatic space 
322 defined by GDD and AI (Fig. 1(b)). These two variables were selected since they were 
323 important for many of our species (Table S8 in Appendix S8). We divided the bi- 
324 dimensional climatic space into a grid of 500 × 500 cells bounded by the minimum and 
325 maximum values of GDD (first axis) and AI (second axis) (Fig. 1(b), Appendix S7). For each 
326 region separately, we mapped the occurrence data (pr > 0) in the bi-dimensional space defined 
327 by the subset of grid cells in which the focal species was recorded as present (pr > 0) or 
328 absent (pr = 0) to map its realised climatic niche within the available climatic space. We 
329 applied a kernel smoother to standardise species densities across the bi-dimensional climatic 
330 space independently of the sampling effort and the resolution in the climatic space (Fig. S7 in 
331 Appendix S7, Broennimann et al., 2012). 
332 We used Schoener’s D similarity index (Schoener, 1970; Broennimann et al., 2012) (see 
333 formula in Appendix S7) to compute the observed niche overlap (Dobs). The D index was 
334 calculated on the above-mentioned smoothed density of occurrences, (i.e. observed niche 
335 overlap, Dobs), and varies from 0 (no overlap) to 1 (complete overlap). We assessed Dobs not 
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337 also within the analogue climatic space alone (Fig. 1). Assessing Dobs across the whole 
338 climatic space allows us to account for non-analogue climatic conditions that may become 
339 analogues with future climate change, whereas focusing on the analogue climatic space solely 
340 enables Dobs assessment to be independent of simple differences in climatic conditions. In 
341 theory Dobs should be higher when focusing on the analogue climatic space alone with 
342 difference in Dobs values between the analogue and the overall climatic space indicating to 
343 what extent non-analogue climates matter for Dobs. To compute Dobs across the analogue 
344 climatic space alone, we quantified the part of the bi-dimensional climatic space that was 
345 shared by the two regions for each species (i.e., analogue climates) (Fig. S7 in Appendix S7) 
346 and then Dobs was computed once again as above using Schoener’s D similarity index 
347 (Schoener, 1970; Broennimann et al., 2012). 
348 
349 Niche overlap test 
350 To assess to what extent the realised climatic niche of a given species is conserved between 
351 the Alps and Fennoscandia, we compared its empirical Dobs value to its simulated niche 
352 overlap (Dsim) value obtained under a baseline scenario of climatic-niche identity. By baseline 
353 scenario, we mean setting and using exactly the same climatic niche model (cf. climatic-niche 
354 identity) for each of the two studied populations of the focal species to successively: (i) 
355 predict each population distribution in the Alps and Fennoscandia based on climatic 
356 conditions solely; (ii) project these spatial predictions into the GDD-AI climatic space; and 
357 (iii) compute Dsim using the same approach as for Dobs (see Appendix S7 for more details). 
358 Comparing a species’ Dobs value in light of its Dsim value helps to assess how much the 
359 realised climatic niche of this focal species is conserved. The lower the Dobs value compared 
360 with Dsim, the greater the niche differentiation between the Alps and Fennoscandia. Note that 
361 Dobs can be greater than Dsim, i.e. indicating that the realised climatic niche is more conserved 
15  
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3 362 than  expected  under  the  climatic-niche  identity  assumption.  Dsim  is  based  on  model 
4  
5 363 predictions that incorporate climatic predictors only, whereas Dobs relies on empirical data that 
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365 dimensions not considered in our models and which could involve habitat-compensation 
366 effects. For this reason, it is not surprising to find greater values for Dobs than Dsim. We used 
367 Student’s paired t-test to assess the significance of the average difference between Dobs and 
368 Dsim across all species. 
369 
370 Niche width and niche optimum 
371 We used two other parameters to assess regional differences in the realised climatic niche: 
372 niche width (range of climatic conditions suitable for a species) and niche optimum 
373 (maximum probability of presence of a species within its realised climatic niche). Species 
374 niche-width and niche-optimum values were computed for both the Alps and Fennoscandia 
375 from the observed density of occurrences of a given species within both the overall and 
376 analogue climatic spaces. 
377 We followed the method of Theodoridis et al., (2013) to compute these parameters and 
378 did so for the Alps and Fennoscandia separately. Species’ niche-width and niche-optimum 
379 values were assessed by first extracting the scores along GDD and AI of 100 pixels sampled 
380 randomly from its bi-dimensional climate space, selecting pixels with a probability according 
381 to species’ density of occurrences. Once extracted, the inter-decile range (80%) of these 100 
382 values along GDD and AI (i.e. niche width) as well as GDD and AI coordinates of the pixel 
383 where the species reached its maximum occupancy (i.e. niche optimum) were computed. This 
384 randomisation procedure was repeated 100 times and the mean values of the 100 obtained 
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386 We used Student’s paired t-test to assess the significance of the mean difference in species’
387 niche width and niche optimum between regions. 
388 
389 Insights from plant traits 
390 Finally, we used three independent ordinary least square (OLS) regressions to assess how 
391 much of the variation in Dobs could be explained by plant biogeography, ecology, and biology. 
392 First, we fitted Dobs against a qualitative variable representing species’ biogeographic origins
393 (Arctic-alpine, Asia, Eurasia, Europe, Holarctic, Mediterranean, North America) followed by 
394 Tukey’s HSD test for post hoc pairwise comparisons of group means. Second, we fitted Dobs 
395 against all six semi-quantitative Ellenberg indicator values. Third, we fitted Dobs against plant 
396 growth, photosynthetic performances, and dispersal abilities (plant height, SLA, diaspore 
397 mass) as well as Raunkiaer's life-forms. We ran all three models for both Dobs computed 
398 across the overall climatic space including both analogue and non-analogue climates, but also 
399 for Dobs computed within the analogue climatic space only. 
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402 Among the 31 species of the disjunct group, only one species (Epilobium alsinifolium) 
403 showed regional differences along only one particular gradient (AI) (Fig. S8 in Appendix 
404 S8). Among the remaining 358 species of the widespread group, only 58 species showed 
405 regional differences in their response curves along at least one of the nine studied climatic 
406 variables (Table S8 in Appendix S8). Of these 58 species, 29, 26, 8, and 5 showed regional 
407 differences in response to growing degree days (GDD) (Fig. 2(b)), soil water content during 
408 the most stressful month (SWC), the aridity index (AI), and the continentality index (CI), 
409 respectively (Fig. S8 in Appendix S8). 
410 
411 Niche overlap 
412 Based on the overall climatic space defined by GDD and AI, the observed niche overlap 
413 (Dobs) of the disjunct group (mean = 0.5; range = 0.16-0.59) was higher than for the 
414 widespread group (mean = 0.42; range = 0.02-0.66) (two-sample Student’s t-test, p-value = 
415 0.002) (Table S9 in Appendix S9). The simulated niche overlap (Dsim) under the baseline 
416 scenario of climatic-niche identity was much lower than Dobs for both the disjunct (mean = 
417 0.4; range = 0.25-0.52) (paired two-sample Student’s t-test, n = 27, p-value << 0.001) and 
418 widespread (mean = 0.28; range = 0.005-0.7) (n = 195, p-value << 0.001) groups. Among the 
419 58 species that showed regional differences in their response curve along at least one climatic 
420 variable (Table S8 in Appendix S8), only 6 species had distant realised climatic niches that 
421 overlapped less than under the baseline scenario (Dobs < Dsim): Alyssum alyssoides, Avenula 
422 pratensis,  Carex  ericetorum,  Ranunculus  bulbosus,  Rubus  idaeus,  and  Vincetoxicum 
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424 climatic space, except that niche overlap values were higher throughout (Table S10 in 
425 Appendix S10). 
426 
427 Niche width and niche optimum 
428 Irrespective of the species group considered (i.e. disjunct vs. widespread), niche width across 
429 the overall climate space was larger in the Alps than in Fennoscandia for GDD (Figs. 3(a) 
430 and 3(b)) and larger in Fennoscandia than in the Alps for AI (Figs. 3(c) and 3(d)) (Table S9 
431 in Appendix S9). The same patterns were found for the disjunct group when assessing niche 
432 width based on analogue climates alone, except that the trend was marginally not significant 
433 for AI (p-value = 0.06). However, when assessing niche width based on analogue climates 
434 alone for the widespread group, species’ realised climatic niches were larger in the Alps than
435 in Fennoscandia for both variables (Table S10 in Appendix S10). 
436 Niche optima results across the overall climatic space for the disjunct group showed no 
437 difference along GDD but a shift towards higher values of AI in the Alps compared with 
438 Fennoscandia (Figs. 4(a) and 4(c)) (Table S9 in Appendix S9). For the widespread group, 
439 niche optima were located, on average, towards higher values of both GDD and AI in the 
440 Alps than in Fennoscandia, (Figs. 4(b) and 4(d)) (Table S9 in Appendix S9). We found the 
441 same patterns when assessing niche optima based on analogue climates (Table S10 in 
442 Appendix S10). 
443 
444 Insights from plant traits 
445 Whatever the species group (i.e. disjunct vs. widespread) and the climatic space (whole vs. 
446 analogue) considered, we found similar patterns (Appendices S11 and S12). For clarity, we 
447 only report results based on the full climatic space (Appendix S11). Species’ biogeographic
448 origins of the disjunct and widespread groups explained 50% vs. 7%, respectively, of the 
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1  
2  
3 449 variation in Dobs, with Arctic-alpine species showing the highest Dobs values and standing out 
4  
5 450 of the other biogeographic groups (Fig. 5(a) and 5(b)). Species’ ecological indicator values of
6  






















































452 Dobs, with contrasting patterns depending on the species group. For the disjunct group, Dobs 
453 increased with increasing preference for cold temperatures and moist soils (Fig. 6(a) and 
454 6(c)). In contrast, for the widespread group, Dobs increased with increasing preference for acid 
455 soils and for fertile soils (Fig. 6(a) and 6(c)). There was no clear relationship between Dobs 
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457 DISCUSSION 
458 The realised climatic niche is conserved 
459 Our findings suggest predominant niche conservatism, with only 15% of the 389 studied 
460 species displaying regional differences in realised climatic niches. Additionally, the fact that 
461 the observed niche overlap (50%) is higher, on average, than the simulated niche overlap 
462 (40%) obtained under a baseline scenario of climatic-niche identity suggests strong niche 
463 conservatism. Using a different approach with a smaller set of plant species (n = 8), Martínez- 
464 Meyer & Peterson (2006) showed that the current species’ distribution in North America
465 predicts their distribution well at the Last Glacial Maximum (LGM) and reciprocally, 
466 suggesting an ecological niche conservatism despite changes in climate and environmental 
467 conditions over that time period. Our results confirm the general idea that niches are 
468 conserved over time spans of millenia and support results from previous studies focusing on a 
469 limited set of species (Martínez-Meyer & Peterson, 2006; Pearman et al., 2008; Peterson, 
470 2011). 
471 
472 The observed niche overlap is greater for species with strictly disjunct populations 
473 Niche overlap was higher for species having disjunct distribution with at least one population 
474 confined to the Alps and one population confined to Fennoscandia than for species having 
475 contiguous or patchy distribution across Europe with populations extending outside the study 
476 area. This may be due to methodological reasons because the entire realised climatic niche is 
477 likely to be captured in the disjunct group whereas in the widespread group the realised 
478 climatic niche will be truncated in at least one of the two studied regions and thus we may 
479 underestimate niche overlap for the widespread group. 
480 Considering species’ biogeographic affinities, niche overlap was highest for Arctic- 
481 alpine species (Fig. 5), supporting a strong conservatism as found by Pellissier et al. (2013) 
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1  
2  
3 482 for the low-temperature limit of 26 Arctic-alpine plant species. Consistent with their findings 
4  
5 483 that thermal niches are more conserved at cold than at warm limits in Arctic-alpine plant 
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485 preference for cold temperatures and moist soils. On the other hand, species displaying 
486 dissimilar climatic niches were geographically and/or edaphically widespread species (e.g., 
487 Alyssum alyssoides, Calluna vulgaris, Carum carvi, Fragaria vesca, Galeopsis tetrahit, 
488 Juniperus communis, Ranunculus bulbosus, Rubus idaeus, Vaccinium myrtillus, Viburnum 
489 opulus) (Table S8 in Appendix S8). This supports the idea that generalist species are more 
490 able than a specialist species to respond to regional differences by exploiting a greater 
491 diversity of habitats (Colles et al., 2009). However, it contradicts recent findings of Early & 
492 Sax (2014), who compared native vs. naturalised ranges of the same species and found greater 
493 disequilibrium (cf. lower niche overlap) for species with native ranges that are small and 
494 occupy a narrow range of climatic conditions. However they also suggested that the stronger 
495 climatic disequilibrium for range-restricted species is likely due to non-climatic factors such 
496 as dispersal and biotic factors constraining the native range whereas in the naturalised range 
497 especially the latter biotic constraints may be alleviated (cf. enemy-release hypothesis), thus 
498 leading to strong climatic disequilibrium. In our study, the range-restricted Arctic-alpine 
499 species are chiefly constrained by climatic factors and less so by biotic factors, which could 
500 explain such discrepancy. 
501 Niche overlap also increased as plant species prefer acid substrates. Interestingly, 
502 siliceous bedrock predominates across Fennoscandia and calcareous bedrock is rare and local. 
503 Thus, acidic soils developed rapidly across Fennoscandia soon after deglaciation (e.g., Boyle 
504 et al., 2013), leading today to a larger pool of acidophilous species in Fennoscandia than in 
505 the Alps (Lenoir et al., 2010). Therefore, in comparison to calciphilous species, post-glacial 
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507 dispersal limitations, leading to greater niche overlap with their distant populations in the 
508 Alps. 
509 
510 The realised climatic niche is wider in the Alps 
511 Despite the realised climatic niche being globally conserved, we found a trend towards wider 
512 niches in the Alps than in Fennoscandia (Fig. 3), especially when constraining our analyses to 
513 the analogue climatic space (Table S9 in Appendix S9). This supports the genetic diversity 
514 hypothesis and invalidates the diversity-niche width hypothesis based on MacArthur’s (1972)
515 assumption for island biogeography which proposes that species’ realised-niche width is 
516 constrained by the size of the regional species pool so that more intense competition in 
517 species-rich islands should lead to narrower realised niches. Greater genetic diversity due to 
518 different refugia close to the Alps (Schönswetter et al., 2005), corresponding to greater habitat 
519 heterogeneity, increases the likelihood for a species to fill its fundamental climatic niche. This 
520 has likely played an important role in the intraspecific diversification of many alpine plants in 
521 the Alps (Alvarez et al., 2009), and is also reflected by the higher levels of genetic diversity 
522 within species in the Alps than Fennoscandia (Eidesen et al., 2013). 
523 However, such regional differences in realised niche width may also result from time- 
524 lagged  range  expansion  following  post-glacial  warming  and  disequilibrium  with 
525 contemporary climate for populations in Fennoscandia (Svenning & Skov, 2004). Notably, 
526 the difference may also stem from the rather coarse resolution of the climatic data we used 
527 and the fact that climatic heterogeneity within a 1-km2 spatial unit (Lenoir et al. 2013) is 
528 likely to be greater in the Alps than in Fennoscandia. Therefore, our approach might 
529 overestimate niche width in the Alps relatively more than in Fennoscandia. 
530 
531 The realised climatic niche is located towards warmer and wetter conditions in the Alps 
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2  
3 532 The large and diverse set of terrestrial vascular plants occurring in two distant regions in the 
4  
5 533 present study show that species generally have their climatic optima in warmer and more 
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535 considered (whole or analogue). At least two different processes could explain these inter- 
536 regional differences. First, shifts in the position of the fundamental niche itself may be 
537 involved through local adaptation (Davis et al., 2005; Leimu & Fischer, 2008). Results from 
538 common garden experiments, where species’ populations from different geographic areas are
539 grown together, reveal local adaptation of most tree and herbaceous plant species to their local 
540 home environments (Davis et al., 2005; De Frenne et al., 2011; Alberto et al., 2013). Second, 
541 species may change their optimum position along one climatic axis (e.g., growing degree days 
542 or aridity index) of the n-dimensional niche hypervolume (sensu Hutchinson 1957) to 
543 compensate for differences in local conditions other than climatic factors. It has been shown 
544 that vascular plant species can spatially shift their realised-niche optima for soil nutrients and 
545 pH (Diekmann & Lawesson, 1999; Wasof et al., 2013). We did not account for this process in 
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547 CONCLUSIONS 
548 We conclude that the realised climatic niche of terrestrial vascular plants that successfully 
549 recolonised northern Europe in the last glacial-interglacial cycle has largely been conserved 
550 and that this is especially true for specialist species like Arctic-alpine plants. This has 
551 important consequences for predicting future biodiversity under climate change. Notably, the 
552 basic assumption that species’ realised climatic niche is constant in space and time (thousands
553 of years) seems to be valid to a large extent. However, we also show that regional differences 
554 in niche width and optimum are rather common. Hence, if the aim is to track precisely the 
555 geographic position of some key species distribution parameters (range limit or centre), then 
556 the basic assumption of species distribution models is likely to be flawed, simply because it 
557 does not account for regional subtleties in niche width and optimum values. 
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715 FIGURE LEGENDS 
716 Figure 1 Geographic (a) and climatic (b) delineations of the two study regions: the Alps and 
717 Fennoscandia. Range maps as well as realised climatic niches of Dryas octopetala (c, d) and 
718 Fragaria vesca (e, f) are depicted across both the studied geographical space (a, c, e) and the 
719 studied bi-dimensional climatic space represented by growing degree days above 0°C (GDD) 
720 and the aridity index (AI) (b, d, f). Dryas octopetala is a typical Arctic-alpine plant with a 
721 strictly  disjunct  distribution  across  Europe  and  whose  populations  in  the  Alps  and 
722 Fennoscandia are confined to mountainous areas or Arctic-alpine tundra (cf. the “disjunct”
723 group). Fragaria vesca is a widespread plant whose distribution is patchy across Europe but 
724 not necessarily confined to mountainous areas or Arctic-alpine tundra (cf. the “widespread”
725 group). Dashed and solid lines within the GDD-AI space delineate climatic conditions (cf. 
726 background data) for the Alps and Fennoscandia, respectively. The intersection of climatic 
727 conditions (GDD and AI) shared by both the Alps and Fennoscandia corresponds to the 
728 analogue climatic space whereas climatic conditions unique to the Alps or Fennoscandia 
729 constitute the non-analogue climatic space. Climatic conditions outside the analogue and non- 
730 analogue climatic spaces are not available within the study area. Colour ramps in the GDD-AI 
731 space represent kernel densities (cf. the realised climatic niches) for populations of both 
732 Dryas octopetala and Fragaria vesca in the Alps (cf. the yellow-to-red colour ramp in the 
733 online version or the light-to-dark grey colour ramp in the printed version) and Fennoscandia 
734 (cf. the light-to-dark blue colour ramp in the online version or the black-to-white colour ramp 
735 in the printed version). The digital terrain model (DTM) is based on data from the Shuttle 
736 Radar Topography Mission (SRTM). All maps are projected into the ‘ETRS89 / ETRS- 
737 LAEA; code EPSG: 3035’ projection system and aggregated at 1-km resolution. For more 
738 information on the predicted species distributions depicted in grey, see explanations related to 
739 model evaluation and prediction in the section on data analyses in the main text. Note that 
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1  
2  
3 740 background data for Dryas octopetala and Fragaria vesca are based on 1-km grid cells for 
4  
5 741 which we have information on presence or absence data and thus slightly differ from the full 
6  
























































745 Figure 2 Response curves of Dryas octopetala (a) and Fragaria vesca (b) along the growing 
746 degree days above 0°C (GDD) gradient in both the Alps (dashed curve) and Fennoscandia 
747 (solid curve) after model calibration and model selection (Appendix S4) as well as model 
748 evaluation (Appendix S5). Dryas octopetala and Fragaria vesca depict a non-significant 
749 regional difference and a significant regional difference, respectively, along the GDD 
750 gradient. 
751 
752 Figure 3 Histograms of paired differences in species’ realised-niche width between distant 
753 populations from the Alps and Fennoscandia for both the disjunct (a, c) and widespread (b, d) 
754 groups along the growing degree days above 0°C (GDD) (a, b) and aridity index (AI) (c, d) 
755 gradients. Species’ realised-niche width values were computed across the overall climatic 
756 space. The dotted and solid vertical lines show the mean difference and zero values, 
757 respectively. P-values are based on paired two-sample Student’s t-tests. P-values are given as: 
758 *** < 0.001; ** < 0.01; * < 0.05. 
759 
760 Figure 4 Histograms of paired differences in species’ realised-niche optimum between distant 
761 populations from the Alps and Fennoscandia for both the disjunct (a, c) and widespread (b, d) 
762 groups along the growing degree days above 0°C (GDD) (a, b) and aridity index (AI) (c, d) 
763 gradients. Species’ realised-niche optimum values were computed across the overall climatic 
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765 respectively. P-values are based on paired two-sample Student’s t-tests. P-values are given as: 
766 *** < 0.001; n.s. non significant. 
767 
768 Figure 5 Box plots of the distribution of observed niche overlap values according to species’
769 biogeographic origins or chorology for both the disjunct (a) and widespread (b) groups. Niche 
770 overlap values were computed across the overall climatic space. Chorology is a factor 
771 variable with seven levels or biogeographic origins: Arctic-alpine (Ar.-al.), Asia, Eurasia 
772 (EU), Europe (EUR), Holarctic (Hol.), Mediterranean (Med.), North America (NA) (Landolt 
773 et al., 2010). Numbers in brackets indicate the total number of species for each biogeographic 
774 origin. Box plots show median, 25th and 75th percentiles. The whiskers extend to 1.5 x 
775 interquartile range and points are values lying outside this range. 
776 
777 Figure 6 Scatter plots of the distribution of observed niche overlap values for both the 
778 disjunct (a, b) and widespread (c, d) groups along Ellenberg gradients for temperature (T) (a), 
779 soil moisture (F) (b), soil nutrient (N) (c), and soil acidity (R) (d). Niche overlap values were 
780 computed across the overall climatic space. Regression lines are based on univariate linear 
781 regression models. For multivariate linear regression models, see Appendix S11. Note that 
782 Ellenberg indicator values are semi-quantitative variables that group species into categories 
783 according to their position along the main ecological gradients. These variables do not have 
784 units and were considered as continuous in our models. 
785 
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2  
3 786 SUPPORTING INFORMATION 
4  
5 787 Additional Supporting Information may be found in the online version of this article: 
6  






















































789 species common to the Alps and Fennoscandia was built and supplementary table S1 listing 
790 the 888 studied terrestrial vascular plant species occurring in both regions. 
791 Appendix S2 Supplementary information providing full details on the nine climatic variables 
792 considered in this study. 
793 Appendix S3 Supplementary information listing all the data-handling procedures on presence 
794 and absence data of each of the 888 terrestrial vascular plant species belonging to the common 
795 species pool and supplementary figure S3 illustrating the case of Rubus idaeus. 
796 Appendix S4 Supplementary information detailing model calibration and model selection 
797 steps. 
798 Appendix S5 Supplementary figure S5 showing results on model evaluation for the 550 
799 species being sufficiently frequent to be retained for model calibration and model selection. 
800 Appendix S6 Supplementary figure S6 illustrating the region effect for Rubus idaeus. 
801 Appendix  S7 Supplementary information detailing computations of the observed and 
802 simulated niche overlap and supplementary figure S7 illustrating the case of Rubus idaeus. 
803 Appendix S8 Supplementary figure S8 and supplementary table S8 showing results on the 
804 contribution of the region effect for both the 31 species belonging to the “disjunct” group and
805 the 358 species belonging to the “widespread” group.
806 Appendix S9 Supplementary table S9 listing niche overlap, niche width, and niche optimum 
807 across the overall climatic space for both the 31 species belonging to the “disjunct” group and






























































Global Ecology and Biogeography Page 36 of 140 
Wasof et al. 
809 Appendix S10 Supplementary table S10 listing niche overlap, niche width, and niche 
810 optimum across the analogue climatic space for both the 31 species belonging to the 
811 “disjunct” group and the 358 species belonging to the “widespread” group.
812 Appendix S11 Supplementary analyses on the link between the observed niche overlap 
813 computed across the overall climatic space and plant traits. 
814 Appendix S12 Supplementary analyses on the link between the observed niche overlap 
815 computed across the analogue climatic space and plant traits. 
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Figure 1 Geographic (a) and climatic (b) delineations of the two study regions: the Alps and Fennoscandia. 
Range maps as well as realised climatic niches of Dryas octopetala (c, d) and Fragaria vesca (e, f) are  
 depicted across both the studied geographical space (a, c, e) and the studied bi-dimensional climatic space  
 represented by growing degree days above 0°C (GDD) and the aridity index (AI) (b, d, f). Dryas octopetala  
is a typical Arctic-alpine plant with a strictly disjunct distribution across Europe and whose populations in the  
 Alps and Fennoscandia are confined to mountainous areas or Arctic-alpine tundra (cf. the “disjunct” group). 
Fragaria vesca is a widespread plant whose distribution is patchy across Europe but not necessarily confined  
to mountainous areas or Arctic-alpine tundra (cf. the “widespread” group). Dashed and solid lines within the
GDD-AI space delineate climatic conditions (cf. background data) for the Alps and Fennoscandia,  
respectively. The intersection of climatic conditions (GDD and AI) shared by both the Alps and Fennoscandia  
 corresponds to the analogue climatic space whereas climatic conditions unique to the Alps or Fennoscandia  
 constitute the non-analogue climatic space. Climatic conditions outside the analogue and non-analogue  





























































Global Ecology and Biogeography Page 38 of 140 
densities (cf. the realised climatic niches) for populations of both Dryas octopetala and Fragaria vesca in the  
 Alps (cf. the yellow-to-red colour ramp in the online version or the light-to-dark grey colour ramp in the  
printed version) and Fennoscandia (cf. the light-to-dark blue colour ramp in the online version or the black- 
to-white colour ramp in the printed version). The digital terrain model (DTM) is based on data from the  
 Shuttle Radar Topography Mission (SRTM). All maps are projected into the ‘ETRS89 / ETRS-LAEA; code  
EPSG: 3035’ projection system and aggregated at 1-km resolution. For more information on the predicted 
species distributions depicted in grey, see explanations related to model evaluation and prediction in the  
 section on data analyses in the main text. Note that background data for Dryas octopetala and Fragaria  
vesca are based on 1-km grid cells for which we have information on presence or absence data and thus 
slightly differ from the full background data based on all 1-km grid cells available across each region. 
283x462mm (300 x 300 DPI)  





























































Figure 1 Geographic (a) and climatic (b) delineations of the two study regions: the Alps and Fennoscandia. 
Range maps as well as realised climatic niches of Dryas octopetala (c, d) and Fragaria vesca (e, f) are  
 depicted across both the studied geographical space (a, c, e) and the studied bi-dimensional climatic space  
 represented by growing degree days above 0°C (GDD) and the aridity index (AI) (b, d, f). Dryas octopetala  
is a typical Arctic-alpine plant with a strictly disjunct distribution across Europe and whose populations in the  
 Alps and Fennoscandia are confined to mountainous areas or Arctic-alpine tundra (cf. the “disjunct” group). 
Fragaria vesca is a widespread plant whose distribution is patchy across Europe but not necessarily confined  
to mountainous areas or Arctic-alpine tundra (cf. the “widespread” group). Dashed and solid lines within the
GDD-AI space delineate climatic conditions (cf. background data) for the Alps and Fennoscandia,  
respectively. The intersection of climatic conditions (GDD and AI) shared by both the Alps and Fennoscandia  
 corresponds to the analogue climatic space whereas climatic conditions unique to the Alps or Fennoscandia  
 constitute the non-analogue climatic space. Climatic conditions outside the analogue and non-analogue  
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densities (cf. the realised climatic niches) for populations of both Dryas octopetala and Fragaria vesca in the  
 Alps (cf. the yellow-to-red colour ramp in the online version or the light-to-dark grey colour ramp in the  
printed version) and Fennoscandia (cf. the light-to-dark blue colour ramp in the online version or the black- 
to-white colour ramp in the printed version). The digital terrain model (DTM) is based on data from the  
Shuttle Radar Topography Mission (SRTM). All maps are projected into the ‘ETRS89 / ETRS-LAEA; code  
EPSG: 3035’ projection system and aggregated at 1-km resolution. For more information on the predicted 
species distributions depicted in grey, see explanations related to model evaluation and prediction in the  
 section on data analyses in the main text. Note that background data for Dryas octopetala and Fragaria  
vesca are based on 1-km grid cells for which we have information on presence or absence data and thus 
slightly differ from the full background data based on all 1-km grid cells available across each region. 
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Figure 2 Response curves of Dryas octopetala (a) and Fragaria vesca (b) along the growing degree days  
24 above 0°C (GDD) gradient in both the Alps (dashed curve) and Fennoscandia (solid curve) after model 
25 calibration and model selection (Appendix S4) as well as model evaluation (Appendix S5). Dryas octopetala 
26 and Fragaria vesca depict a non-significant regional difference and a significant regional difference, 
27 respectively, along the GDD gradient. 
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Figure 3 Histograms of paired differences in species’ realised-niche width between distant populations from  
 the Alps and Fennoscandia for both the disjunct (a, c) and widespread (b, d) groups along the growing  
degree days above 0°C (GDD) (a, b) and aridity index (AI) (c, d) gradients. Species’ realised-niche width 
values were computed across the overall climatic space. The dotted and solid vertical lines show the mean  
 difference and zero values, respectively. P-values are based on paired two-sample Student’s t-tests. P- 
values are given as: *** < 0.001; ** < 0.01; * < 0.05. 
162x159mm (300 x 300 DPI)  





























































from the Alps and Fennoscandia for both the disjunct (a, c) and widespread (b, d) groups along the growing 
degree days above 0°C (GDD) (a, b) and aridity index (AI) (c, d) gradients. Species’ realised-niche optimum  
 values were computed across the overall climatic space. The dotted and solid vertical lines show the mean  
 difference and zero values, respectively. P-values are based on paired two-sample Student’s t-tests. P- 
values are given as: *** < 0.001; n.s. non significant. 





























































Global Ecology and Biogeography Page 44 of 140 
Figure 5 Box plots of the distribution of observed niche overlap values according to species’ biogeographic
origins or chorology for both the disjunct (a) and widespread (b) groups. Niche overlap values were 
computed across the overall climatic space. Chorology is a factor variable with seven levels or biogeographic  
 origins: Arctic-alpine (Ar.-al.), Asia, Eurasia (EU), Europe (EUR), Holarctic (Hol.), Mediterranean (Med.),  
North America (NA) (Landolt et al., 2010). Numbers in brackets indicate the total number of species for each  
 biogeographic origin. Box plots show median, 25th and 75th percentiles. The whiskers extend to 1.5 x 
interquartile range and points are values lying outside this range. 
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Figure 6 Scatter plots of the distribution of observed niche overlap values for both the disjunct (a, b) and  
 widespread (c, d) groups along Ellenberg gradients for temperature (T) (a), soil moisture (F) (b), soil  
 nutrient (N) (c), and soil acidity (R) (d). Niche overlap values were computed across the overall climatic  
42 space. Regression lines are based on univariate linear regression models. For multivariate linear regression 
43 models, see Appendix S11. Note that Ellenberg indicator values are semi-quantitative variables that group 
44 species into categories according to their position along the main ecological gradients. These variables do 
45 not have units and were considered as continuous in our models. 
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Appendix S1 Supplementary information describing how the pool of terrestrial vascular plant 
species common to the Alps and Fennoscandia was built and supplementary table S1 listing the 888 
studied terrestrial vascular plant species occurring in both regions. 
The Alps vegetation database (AVD, n = 31,524, http://www.givd.info/ID/EU-00-014) 
(Lenoir  et  al., 2012)  and  the  Nordic  vegetation  database (NVD,  n = 41,785, 
http://www.givd.info/ID/EU-00-018) (Lenoir et al., 2013) are comprehensive archives of geo- 
referenced plots from 1900 onwards which provide species composition of terrestrial vascular  
plant communities encompassing a large array of vegetation types (forest, scrub, grassland, 
moorland). Each vegetation plot was referenced in time (year) and space (longitude, latitude,  
elevation). All vegetation plots were managed in TURBOVEG (Hennekens & Schaminée,  
2001) and all vascular plant taxa were linked to TURBOVEG’s European species list, a list of
valid names and synonyms based on Flora Europaea (Tutin et al., 2001). We updated this  
species list by adding taxa and synonyms not already included. By relating all vegetation plots  
to this updated list, we ensured that plant nomenclature was consistent within and between the 
two study areas. We excluded trees and tall shrubs, thereby focusing on low-stature plant  
species (herbs, ferns, grasses, sedges, dwarf-shrubs). To retrieve Raunkiaer's plant life-forms  
and other data on plant traits like height, specific leaf area (SLA), and diaspore mass, we used 
several sources including Flora Indicativa (Landolt et al., 2010); the LEDA database of life- 
history traits of the Northwest European flora (Kleyer et al., 2008); the second edition of the  
Comparative Plant Ecology: a functional approach to common British species (Grime et al., 
2007); and the dispersal diaspore database (D3: http://www.seed-dispersal.info/). Tree species  
were eliminated from our study because tree presences are partly affected by humans through  
agricultural and silvicultural management practices. Table S1 shows the list of terrestrial 
vascular plant species common to both the AVD and NVD.  
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Table S1: List of the 888 terrestrial vascular plant species (after excluding trees and tall 
shrubs) that occur in both the Alps and Fennoscandia. Species names, following nomenclature in 
Flora Europaea (Tutin et al., 2001), are indicated in the first column. NoCellOcc and 
NoCellAbs correspond, for both the Alps and Fennoscandia, to the total number of 1-km2 grid cells 
that have at least one occurrence data and the total number of 1-km2 grid cells that have only 
absence data after the random selection procedure to limit spatial autocorrelation issues and to 
balance sampling effort between the two regions (see Appendix S3 for more 
information). Species that have spatially disjunct populations restricted to mountainous areas or 
Arctic-alpine tundra and which distribution in the Alps and Fennoscandia does not extend outside 
the study area, e.g. southward from the Alps or westward from Fennoscandia, are depicted in 
bold (cf. the “disjunct” group: n = 91). Note that for each focal species NoCellOcc and NoCellAbs 
were merged before being split into two datasets: the training and test datasets (see the section on 








































































































































































Arrhenatherum elatius  
















































32 1154  












Asplenium ruta-muraria  
Asplenium trichomanes 


























































Asplenium trichomanes-ramosum 397 1130 
Astragalus alpinus 125 1116 
Astragalus danicus 22 1155 
Astragalus frigidus 67 1142 
Astragalus glycyphyllos 185 1117 
Athyrium distentifolium 171 1121 
Athyrium filix-femina 1194 883 
Atriplex patula 87 1128 
Atriplex prostrata 29 1110 
Avena sativa 50 1151 
Avenula pratensis 110 1019 
Avenula pubescens 401 1072 
Ballota nigra 77 1118 
Barbarea intermedia 31 1142 
Barbarea vulgaris 115 1108 
Bartsia alpina 292 1074 
Bellis perennis 183 993 
Berberis vulgaris 506 1138 
Berteroa incana 22 1134 
Berula erecta 41 1008 
Betula nana 29 1019 
Bidens tripartita 67 1115 
Blechnum spicant 388 1117 
Blysmus compressus 134 1130 
Botrychium lunaria 302 1090 
Brachypodium pinnatum 912 1141 
Brachypodium sylvaticum 848 1066 
Brassica rapa 71 1143 
Briza media 888 984 
Bromus arvensis 67 1134 
Bromus benekenii 289 1090 
Bromus erectus 161 1138 
Bromus hordeaceus 208 1001 
Bromus inermis 293 1143 
Bromus racemosus 37 1144 
Bromus ramosus 156 1102 
Bromus sterilis 118 1136 
Bromus tectorum 71 1151 






































































Campanula glomerata  
Campanula latifolia  
Campanula persicifolia  
Campanula rapunculoides  
Campanula rotundifolia  
Campanula trachelium  
Capsella bursa-pastoris  
Cardamine amara 
Cardamine bulbifera  






































































303 1110  






































































































Centaurium erythraea  
Centaurium pulchellum  
Cephalanthera damasonium 
















































































































































Chrysosplenium alternifolium 196 1053 
Chrysosplenium oppositifolium 3 1131 
Cicerbita alpina 294 1122 
Cichorium intybus 90 1118 
Cicuta virosa 35 1118 
Circaea alpina 150 1124 
Circaea lutetiana 250 992 
Cirsium arvense 568 870 
Cirsium helenioides 321 1101 
Cirsium oleraceum 618 1030 
Cirsium palustre 571 886 
Cirsium vulgare 477 963 
Cladium mariscus 51 1141 
Clematis vitalba 120 1148 
Coeloglossum viride 249 1137 
Conopodium majus 4 1151 
Convallaria majalis 280 973 
Convolvulus arvensis 148 1054 
Conyza canadensis 117 1107 
Corallorhiza trifida 116 1138 
Cornus sanguinea 540 1128 
Coronopus squamatus 0 1158 
Corydalis cava 215 1078 
Corydalis intermedia 35 1126 
Corynephorus canescens 4 1075  




















































































































Diphasiastrum complanatum 59 1132 
Diphasiastrum tristachyum 3 1155 
Diplotaxis tenuifolia 40 1149 
Dittrichia graveolens 2 1141 
Draba fladnizensis 32 1150 
Draba incana 3 1129 
Drosera anglica 111 1121 
Drosera intermedia 76 1108 
Drosera rotundifolia 154 1071 
Dryas octopetala 326 1110 
Dryopteris affinis 96 1139 
Dryopteris carthusiana 367 771 
Dryopteris cristata 32 1116 
Dryopteris dilatata 649 881 
Dryopteris expansa 148 916 
Dryopteris filix-mas 1193 895 










































































Epilobium anagallidifolium 56 1117 
Epilobium angustifolium 367 841 
Epilobium ciliatum 25 1053 
Epilobium hirsutum 121 959 
Epilobium montanum 686 913 
Epilobium palustre 140 941 
Epilobium parviflorum 120 1008 
Epilobium roseum 93 1130 
Epilobium tetragonum 59 1098 
Epipactis atrorubens 536 1151 
Epipactis helleborine 532 1093 
Epipactis palustris 192 1138 
Equisetum arvense 358 831 
Equisetum fluviatile 130 943 
Equisetum hyemale 98 1119 
Equisetum palustre 239 990 
Equisetum pratense 27 1055 
Equisetum sylvaticum 242 999 
Equisetum telmateia 46 1147 
Equisetum variegatum 145 1142 
Erigeron acer 14 1116 
Erigeron uniflorus 187 1111 
Eriophorum angustifolium 187 899 
Eriophorum latifolium 168 1130 
Eriophorum scheuchzeri 50 1129 
Eriophorum vaginatum 157 1023 
Erophila verna 94 1086 
Euonymus europaeus 224 984 
Eupatorium cannabinum 243 999 
Euphorbia cyparissias 629 1143 
Euphorbia helioscopia 109 1138 
Euphrasia micrantha 1 1134 
Euphrasia nemorosa 11 1133 
Euphrasia stricta 78 1076 
Falcaria vulgaris 7 1146 
Fallopia convolvulus 116 1102 
Fallopia dumetorum 24 1148 
Festuca altissima 355 1111  











































































































































































































































Helianthemum nummularium 437 1122 
Hepatica nobilis 768 1035 
Heracleum mantegazzianum 25 1087 
Heracleum sphondylium 489 1097 
Herminium monorchis 125 1134 
Herniaria glabra 32 1129 
Hesperis matronalis 62 1134 
Hieracium acuminatum 81 1144 
Hieracium alpinum 153 1122 
Hieracium lactucella 285 1109 
Hieracium murorum 411 1132 
Hieracium peleteranum 376 1141 
Hieracium pilosella 2342 871 
Hieracium umbellatum 140 1015 
Hierochloe odorata 16 1148 
Holcus lanatus 408 786 
Holcus mollis 159 971 
Hordelymus europaeus 141 1122 
Hordeum murinum 52 1152 
Hordeum secalinum 3 1170 
Humulus lupulus 111 1093 
Huperzia selago 387 1068 
Hydrocharis morsus-ranae 7 1129 
Hydrocotyle vulgaris 27 1023 
Hypericum hirsutum 92 1130 
Hypericum humifusum 57 1138 
Hypericum maculatum 279 1037 
Hypericum montanum 208 1143 
Hypericum perforatum 302 973 
Hypericum pulchrum 9 1125 
Hypericum tetrapterum 95 1078 
Hypochoeris glabra 1 1136  





























































































Laserpitium latifolium  









Leontodon autumnalis  
Leontodon taraxacoides 









































































































































Lycopodiella inundata  
Lycopodium annotinum  






















































29 1163  





































































Melampyrum arvense  
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Polygonatum multiflorum  
Polygonatum odoratum 
Polygonatum verticillatum 
Polygonum amphibium  







Potamogeton alpinus  
Potamogeton berchtoldii 
Potamogeton crispus  






























































































































Pteridium aquilinum  
Pulicaria dysenterica  
Pulmonaria angustifolia  
Pulmonaria obscura  








Ranunculus auricomus  












Reynoutria japonica  



















































69 1079  






































































































Saxifraga granulata  
Saxifraga hieracifolia 
Saxifraga oppositifolia 

































































































































































































363 1122  























































































































































































































Utricularia vulgaris  
Vaccinium microcarpum  
Vaccinium myrtillus  
Vaccinium oxycoccos  
Vaccinium uliginosum  



























































Veronica anagallis-aquatica 28 1131 
Veronica arvensis 87 1052 
Veronica beccabunga 70 1026 
Veronica chamaedrys 445 878 
Veronica filiformis 17 1146 
Veronica fruticans 142 1136 
Veronica hederifolia 8 1103 
Veronica officinalis 555 844 
Veronica persica 45 1113 
Veronica serpyllifolia 90 1040  
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Appendix S2 Supplementary information providing full details on the nine climatic variables 
considered in this study. 
Based on global climatic grid layers downloaded from WorldClim (Hijmans et al., 2005) and the 
consortium for spatial information of the CGIAR (CGIAR-CSI:  http://www.cgiar- 
csi.org/), we computed nine ecophysiologically relevant variables for plants: growing degree days 
(GDD), absolute minimum temperature (AMT), water balance (WBAL), continentality index (CI), 
annual potential evapotranspiration (PET), annual actual evapotranspiration 
(AET), Priestley-Taylor alpha coefficient (ALPHA), soil water content (SWC), and aridity index 
(AI). 
GDD was calculated following equation 1 (Synes & Osborne, 2011): 
GDD = Â  * NoDays (1) 
The monthly (i) minimum temperature (Tmin) and maximum temperature (Tmax) are 
replaced by the baseline temperature (Tbase = 0 ºC) when they are greater and lower than 
Tbase, respectively. But when monthly mean temperature (Tmeani) is greater than Tbase, we used 
the equation 2 in place of equation 1: 
GDD = Â     Tmean  - Tbase * * NoDays (2) 
where NoDaysi is the total number of days for month i. 
AMT was calculated following equation 3 based on the minimum temperature of the 
coldest month (Tmin) (Skov & Svenning, 2004; Synes & Osborne, 2011): 
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WBAL was calculated following equation 4 as the sum of the monthly (i) difference 
between precipitation (Prec) and potential evapotranspiration (PET) (Skov & Svenning, 2004; 
Synes & Osborne, 2011): 
WBAL = Â    Prec - PET (4) 
CI was calculated following equation 5 (Synes & Osborne, 2011): 
CI = Tmax - Tmin (5) 
where Tmax is the maximum temperature of the warmest month and Tmin is the 
minimum temperature of the coldest month. 
ALPHA was calculated following equation 6: 
ALPHA = (6) 
AI was calculated following equation 7 (Hijmans et al., 2005): 
AI = (7) 
where  MAP  is  mean  annual  precipitation  and  MAE  is  mean annual  potential 
evapotranspiration. 
SWC was obtained by extracting soil water content during the most stressful month of the 
year, basically when soil water content was at its minimum value over the year. 
Before linking climatic data to presence and absence data, we projected all nine climatic  
grids onto the ‘ETRS89 / ETRS-LAEA; code EPSG: 3035’ projection and resampled at an 
exact resolution of 1 km using the nearest-neighbour resampling approach. This projection 
system is a Lambert azimuthal equal-area projection which sacrifices accuracy of angle and shape 
in favour of accurate proportions in area.  





























































Global Ecology and Biogeography 
For the purpose of our study, we decided not to include soil-type and land-cover 
variables in our analyses because the 1-km spatial resolution of our climatic data was beyond the 
scale of edaphic variations (Pearson & Dawson, 2003) and because land-cover type is highly 
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Appendix S3 Supplementary information listing all the data-handling procedures on presence and 
absence data of each of the 888 terrestrial vascular plant species belonging to the common species 
pool and supplementary figure S3 illustrating the case of Rubus idaeus. 
Using a ‘for’ loop written in the R software environment (R Core Team, 2013), we executed the 
following tasks for each of the 888 terrestrial vascular plant species belonging to the common 
species pool (Appendix S1): 
1. We compiled presence-absence data available from both the Alps vegetation database 
(AVD, n = 31,524, http://www.givd.info/ID/EU-00-014) (Lenoir et al., 2012) and the 
Nordic vegetation database (NVD, n = 41,785, http://www.givd.info/ID/EU-00-018) 
(Lenoir et al., 2013) (Appendix S1). Presence data are the subset of geo-referenced 
vegetation plots in which the species occurred whereas absence data are the remaining 
subset of geo-referenced vegetation plots in which the species was not recorded. 2. We 
downloaded geo-referenced occurrence records from the global biodiversity 
information facility (GBIF: http://www.gbif.org/) to improve the spatial coverage of 
presence data within the two regions. We used polygons delineating our study area to 
query and download occurrence records belonging to the Alps or Fennoscandia. 3. We 
cleaned presence and absence data across the study area by selecting only the most 
precisely geo-referenced records (<1-km error). 
4. We projected all presence and absence records onto the ‘ETRS89 / ETRS-LAEA; 
code EPSG: 3035’ projection so as to link presence and absence data to climatic data
(Appendix S2). 
5. We aggregated presence (AVD, NVD, GBIF) and absence (AVD, NVD) data across 
the study area at 1-km resolution following the spatial resolution and extent of each of 
the nine climatic grid layers used in the analyses (see the section on climatic data in 





























































Global Ecology and Biogeography Page 74 of 140 
6. Once presence and absence data were aggregated at 1-km resolution, we computed the 
probability of presence (pr) of the focal species per grid cell by dividing the number of 
occurrence records found within a given grid cell by the total number of presence and 
absence records in it. 
7. We subsampled all available grid cells within each of the two regions to limit spatial 
autocorrelation issues by randomly removing grid cells that are closer to each other 
than a minimum distance of 1 km and by keeping only one of them. 
8. Finally, to balance sampling effort between the Alps and Fennoscandia, we randomly 
sampled, without replacement, the same number of grid cells with at least one 
occurrence in it (pr > 0) and the same number of grid cells with only absence data in it 
(pr = 0) for each of the two regions (Appendix S1). We used the minimum number of 
grid cells with at least one occurrence in it or only absence data in it within a given 
region to subsample the other region (see Fig. S3 for an example). 
Figure S3: Maps showing the distribution for Rubus idaeus. Top and bottom left maps show  
the distribution of 1-km2 grid cells that have at least one occurrence data (pr > 0: green  
circles) and the 1-km2 grid cells that have only absence data (pr = 0: red cross) across the 
Alps and Fennoscandia after the randomisation procedure to limit spatial autocorrelation  
issues and to balance sampling effort between the two regions (see the explanations above).  
Top and bottom middle maps show the predicted probability of presence from the final model 
(see the section on data analyses in the main text). GOF gives the goodness of fit or the  
proportion of the deviance explained by the final model based on the full set of data including  
both the training and test datasets (see the section on data analyses in the main text). AUC 
gives the area under the receiver-operating characteristic curve which provides a measure of  
the quality of the final model based on the test dataset (see explanations related to model  
evaluation in the section on data analyses in the main text). Top and bottom right maps show  
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the predicted presence-absence distribution obtained by using a species-specific threshold  
value based on the sensitivity-specificity sum maximiser criterion (MST) (see explanations  
related to model evaluation in the section on data analyses in the main text) to convert 
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Appendix S4 Supplementary information detailing model calibration and model selection steps. 
We first started by fitting the most complete model including second-order orthogonal 
polynomials of all nine predictor variables of interest (GDD, AMT, CI, PET, AET, WBAL, 
ALPHA, AI, SWC: see Appendix S2 for the meaning of each acronym) together with the region 
variable (Alps vs. Fennoscandia). Then, the most relevant climatic variables of the full model were 
selected using the variance inflation factor (VIF). VIF quantifies the severity of multicollinearity 
in generalised linear models (GLMs) and provides an index that measures how much the 
variance of an estimated regression coefficient is increased because of collinearity issues. If 
the maximum VIF value among the nine climatic variables exceeded 10 (Kutner et al., 2004), we 
updated the full model by dropping the climatic variable with the highest VIF value. This 
procedure was repeated until none of the predictor variable had a VIF value  exceeding 10.  Once  
we  reached  a  satisfactory  model  without  overly  strong 
multicollinearity issues, we updated the model by adding all interaction terms between each 
remaining continuous variable and the region variable and again, we computed VIF and 
dropped out each interaction term until the maximum VIF value was lower than 10. By doing so, 
we ensured that the final model for the focal species did not suffer from strong 
multicollinearity effects.  






6 Kutner, M.H., Nachtsheim, C.J., Neter, J. & Li, W. (2004) Applied Linear Statistical Models, 
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Appendix S5: Supplementary figure S5 showing results on model evaluation for the 550 
species being sufficiently frequent to be retained for model calibration and model selection. 
Figure S5: Histograms of the frequency distribution of the area under the receiver-operating 
characteristic curve (AUC) (Swets, 1988) for terrestrial vascular plant species that are 
sufficiently frequent (Appendix S1) (i.e. having a pr value exceeding 0 in at least 50 grid cells 
within each region of the training dataset: see the section on presence and absence data in the main 
text and Appendix S3 for more information) to be retained for model calibration and model 
selection (Appendix S4). Results are displayed separately for (a) the ”disjunct” (i.e. species that 
have spatially disjunt populations restricted to mountainous areas or Arctic- 
alpine tundra and whose distribution does not extend outside the study area, e.g. southward from 
the Alps or westward from Fennoscandia) (n = 55) and (b) the “widespread” (i.e. species that have 
either a contiguous distribution between the Alps and Fennoscandia or a disjunct distribution 
but not restricted to mountainous areas or Arctic-alpine tundra and extending outside the study 
area) (n = 495) species groups. The red vertical line shows the mean AUC value. A total of 389 
species (71%) exceeded 0.8 in AUC.  
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Appendix S6 Supplementary figure S6 illustrating the region effect for Rubus idaeus. 
Figure S6: Response curves of Rubus idaeus, sampled climatic conditions, and available  
climatic conditions along three climatic variables (GDD, SWC, CI: see Appendix S2 for the  
meaning of each acronym). Blue (Fennoscandia) and red (the Alps) response curves along 
each of the three climatic variables are predictions from the final model (see the section on  
data analyses in the main text) retained for Rubus idaeus after model calibration and model  
selection (Appendix S4) as well as model evaluation (Appendix S5). Histograms with grey 
bars represent the density distribution, along each climatic variable, of 1-km2 grid cells that  
have aggregated information on occurrence and absence records for Rubus idaeus across the  
Alps (n = 1816) and Fennoscandia (n = 1816) and after the randomisation procedure to limit 
spatial autocorrelation issues and to balance sampling effort between the two regions (see  
Appendix S3 for distribution maps). Green vertical bars depict 1-km2 grid cells that have at  
least one occurrence data (pr > 0: NoCellOcc in Appendix S3) along the sampled gradients in 
both the Alps (n = 1134) and Fennoscandia (n = 1134). Histograms with blue (Fennoscandia)  
and red (Alps) bars show the density distribution, along each climatic variable, of all 1-km2  
grid cells available across the study area and thus represent climatic conditions available 
within Fennoscandia and the Alps.  
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Appendix  S7  Supplementary information detailing computations  of the observed and 
simulated niche overlap and supplementary figure S7 illustrating the case of Rubus idaeus. 
Background data 
To compute the degree of species’ niche overlap between two distant populations within a bi- 
dimensional climatic space defined by growing degree days (GDD) and the aridity index (AI:  
note that higher AI values represent more humid conditions), we used a modified version of 
the approach developed by Broennimann et al., (2012). While in their original approach  
Broennimann et al., (2012) used occurrence and background data, background data being the  
set of environmental conditions across the entire study area, we here only considered the 
subset of climatic conditions (GDD and AI) across grid cells for which we had information on  
the focal species probability of presence (pr) as background or environmental data. This  
distinction is fundamental. Background data have several implications for how it should be 
used (Elith et al., 2011), one of them involves its spatial structure. Elith et al., (2011) 
recommend the use of background data with similar geographical sampling biases to those in  
the presence data to exclude areas that definitely have not been searched (unless the reason for  
no searching is that there is unambiguous knowledge that the species does not occur there). 
By setting background data to the subset of climatic grid cells in which the focal species was 
recorded either as potentially present (pr > 0) or absent (pr = 0), we ensured that grid cells which 
have not been searched were excluded. 
Observed niche overlap 
The observed niche overlap (Dobs) between the two distant populations of each species within the 
gridded bi-dimensional climatic space was measured by Schoener’s D similarity index 
(Schoener, 1970; Broennimann et al., 2012). D formula is: 
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where z1ij is the smoothed density of occurrences in the Alps and z2ij is the smoothed 
density of occurrences in Fennoscandia. Full details on the calculation of D are given in 
Broennimann et al. (2012). D index varies from 0 (no overlap) to 1 (complete overlap). 
Simulated niche overlap 
To simulate a baseline scenario of climatic-niche identity, we used the environmental niche 
models (ENMs) based on climatic predictors solely that we calibrated and validated for each 
species separately (see section on region effect in the main text of the manuscript), but 
locking the region variable on “Alps” for all species. We fixed the region effect to “Alps” 
instead of “Fennoscandia” to refer to the widely accepted scenario of range filling and post- 
glacial recolonization into Fennoscandia from source populations in the Alps. By doing so, the 
ENM equation used to simulate the spatial distribution of each population of a given species 
across the Alps and Fennoscandia is exactly the same (cf. climatic-niche identity). Note that 
ENMs are species specific. The sampling effort co-variable of a given species’ ENM was set to 
its mean value across the study area. 
Prediction outputs from these simulations in the geographical space were then converted to 
presence-absence data using the MST threshold of the focal species before being projected into the 
GDD-AI climatic space. Note that we did not use all predicted occurrences but we randomly 
sampled, without replacement, the same number of predicted occurrences within each of the two 
regions. We used the minimum number of predicted occurrences within a given study region to 
subsample the other region. 
Finally, we computed the simulated niche overlap (Dsim) using the same formula as for  
the observed niche overlap (Dobs). We used the same background data, both the overall  
climatic space and the analogue climatic space only, as for Dobs to ensure direct comparisons  
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species with at least 50 grid cells of predicted occurrences within each region were retained for the 
computation of Dsim (n = 222). 
Our baseline scenario incorporating the climatic component of the realized niche is a  
more realistic and a less conservative null model than simply permuting the “region” label 
across all species occurrences (cf. niche equivalency test (Broennimann et al., 2012)). Indeed, 
the niche equivalency test is a strict and very conservative test for niche identity which easily 
rejects the null hypothesis of identical niches although niches are not necessarily strongly 
divergent (Glennon et al., 2014). 
Figure S7: Observed (Dobs) (left panel) and simulated (Dsim) (right panel) niche overlap  
between distant populations of Rubus idaeus within the gridded bi-dimensional climatic space  
defined by growing degree days (GDD) and the aridity index (AI: beware, higher AI values 
represent more humid conditions). Blue (Fennoscandia) and red (Alps) lines depict the  
background data which is the subset of climatic conditions for which we have aggregated  
information on occurrence and absence records for Rubus idaeus. Cold (Fennoscandia) and 
warm (Alps) colours are the two smoothed density of occurrences (see section on data  
analyses in the main text) that represent the realised climatic niches of the two distant  
populations of Rubus idaeus. Dobs and Dsim reached 37% and 57%, respectively, based on the 
overall climatic space defined by GDD and AI, including both analogue and non-analogue  
climates, and reached 38% and 57%, respectively, based on analogue climates solely. Niche- 
overlap values (Dobs and Dsim) were assessed using Schoener’s D similarity index (Schoener, 
1970; Broennimann et al., 2012). See above for a formula of Schoener’s D similarity index.  
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Appendix S8 Supplementary figure S8 and supplementary table S8 showing results on the 
contribution of the region effect for both the 31 species belonging to the “disjunct” group and the 
358 species belonging to the “widespread” group.
Figure S8: Barplots showing for each of the nine climatic variables considered in our study 
(Appendix S2), the total number of species for which the climatic variable of interest matter either 
as a pure effect alone (light green) or in interaction (dark green) with the region variable 
(region effect: Alps vs. Fennoscandia). Results are displayed separately for (a) the ”disjunct” (i.e. 
species that have spatially disjunt populations restricted to mountainous areas or Arctic-alpine 
tundra and which distribution does not extend outside the study area, e.g. southward from the 
Alps or westward from Fennoscandia) (n = 31) and (b) the “widespread” (i.e. species that have 
either a contiguous distribution between the Alps and Fennoscandia or a disjunct distribution but 
not restricted to mountainous areas or Arctic-alpine tundra and extending outside the study 
area) (n = 358) species groups. Note that a given species can be counted for more than one climatic 
variable. 
Table S8: Matrix of all the climatic variables considered (1) and their potential region effect  
(2) after model calibration and model selection (Appendix S4) for each of the 389 terrestrial  
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Fennoscandia. Species belonging to the “disjunct” group (i.e. species that have spatially  
disjunt populations restricted to mountainous areas or Arctic-alpine tundra and which  
distribution does not extend outside the study area, e.g. southward from the Alps or westward 
from Fennoscandia) (n = 31) are displayed in bold. The 59 species which showed regional 





















































































gdd amt ci pet aet 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
2 0 2 0 0 
1 0 1 0 0 
1 0 1 0 0 
0 0 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 0 0 0 
1 0 1 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
1 0 0 0 0 
0 0 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
0 1 0 1 0 
1 0 1 0 0 
1 0 0 0 0 
2 0 1 0 0 
1 0 1 0 0 
0 1 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
wbal ai alpha swc 
0 0 0 1 
0 0 0 2 
0 0 0 1 
0 1 0 0 
0 1 0 0 
0 1 0 0 
1 0 0 0 
1 0 0 1 
0 1 0 0 
0 1 0 0 
0 1 0 1 
0 1 0 1 
0 2 0 0 
0 1 0 0 
1 0 0 0 
0 0 0 0 
0 1 0 1 
0 1 0 0 
0 1 0 0 
0 1 0 1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 1 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 0 
1 0 0 1 
0 0 0 1 
0 1 0 0 
0 2 0 0 
0 0 0 0 
0 1 0 0 
0 0 0 1  










































































































Global Ecology and Biogeography 
1 1 0 0 0 0 1 0 0 
0 1 1 0 0 0 0 0 2 
2 0 1 0 0 0 0 0 1 
0 1 0 1 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
0 0 1 0 0 0 1 0 0 
0 0 1 0 0 0 0 0 0 
1 0 1 0 0 1 0 0 0 
1 0 0 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
2 0 1 0 0 0 0 0 2 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 1 0 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 0 0 0 1 0 0 1 
1 0 1 0 0 0 2 0 0 
0 1 2 0 0 0 0 0 1 
1 0 1 0 0 0 0 0 2 
0 1 0 0 0 0 2 0 0 
1 0 1 0 0 0 0 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
0 1 1 0 0 0 0 0 1 
1 0 1 0 0 0 0 0 1 
0 1 0 1 0 0 0 0 1 
1 0 1 0 0 1 0 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 0 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 1 0 0 
0 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 2 
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1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
0 1 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 1 0 0 0 
1 0 1 0 0 
2 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
2 0 1 0 0 
0 1 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 1 0 0 0 
1 1 0 0 0 
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0 1 0 0 
0 1 0 1 
0 1 0 0 
0 1 0 0 
0 0 0 0 
0 1 0 0 
0 1 0 1 
0 1 0 0 
0 1 0 0 
0 1 0 0 
0 1 0 1 
0 0 0 1 
0 1 0 0 
0 1 0 0 
1 0 0 0 
0 1 0 1 
0 1 0 1 
0 0 0 0 
0 0 0 1 
0 1 0 1 
0 1 0 0 
0 1 0 0 
0 1 0 1 
0 1 0 0 
0 1 0 0 
0 1 0 1 
1 0 0 0 
0 0 0 0 
0 0 0 1 
0 1 0 1 
0 0 0 1 
0 1 0 1 
0 0 0 1 
0 0 0 1 
0 0 0 1 
0 0 0 1 
0 0 0 2 
0 1 0 0 
1 0 0 0 
0 0 0 0 
0 1 0 1 
0 2 0 0 
0 0 0 0 
0 1 0 1 
0 0 0 0 
0 1 0 0  
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1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 1 
1 0 1 0 0 0 0 0 0 
1 0 1 0 0 0 1 0 1 
0 1 1 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 1 
1 0 1 0 0 0 1 0 0 
1 1 0 0 0 0 1 0 0 
1 0 1 0 0 1 0 0 1 
2 0 1 0 0 0 0 0 2 
1 0 1 0 0 0 1 0 0 
0 1 1 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 0 
1 0 1 0 0 1 0 0 0 
2 0 1 0 0 1 0 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
0 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
0 1 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 0 
1 1 0 0 0 1 0 0 0 
1 0 1 0 0 0 0 0 1 
0 1 0 0 0 0 1 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 1 0 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
2 0 1 0 0 0 0 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 0 0 0 1 0 0 1 
1 0 0 0 0 0 0 0 2 
2 0 1 0 0 1 0 0 1 































































Hypericum maculatum  
Hypericum perforatum  
Hypericum tetrapterum  
Hypochoeris radicata 
Impatiens glandulifera  
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1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
0 1 0 1 0 
1 0 1 0 0 
0 0 0 0 0 
1 1 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
0 0 1 0 0 
0 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
2 1 0 0 0 
0 1 1 0 0 
0 1 0 1 0 
2 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
0 1 0 0 0 
0 1 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
2 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 1 0 0 0 
1 0 1 0 0 
2 0 1 0 0 
1 0 1 0 0 
0 0 0 1 0 
0 1 0 0 1 
1 0 1 0 0 
2 0 1 0 0 
Page 96 of 140 
0 0 0 1 
0 1 0 0 
1 0 0 0 
0 0 0 1 
0 1 0 0 
0 0 0 0 
0 1 0 0 
0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 0 
0 0 0 0 
0 0 0 0 
0 1 0 0 
0 1 0 0 
0 1 0 1 
0 0 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 0 
0 1 0 1 
0 1 0 1 
0 1 0 0 
0 1 0 0 
0 1 0 0 
0 1 0 0 
0 0 0 2 
0 0 0 1 
0 1 0 0 
0 1 0 0 
0 1 0 0 
1 0 0 1 
0 0 0 0 
0 1 0 1 
0 1 0 0 
0 1 0 1 
0 1 0 0 
0 0 0 1 
0 0 0 1 
0 0 0 1 
0 0 0 2 
0 1 0 1 
0 0 0 0  
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1 1 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
2 0 1 0 0 0 0 0 2 
1 0 1 0 0 0 1 0 0 
0 1 0 0 0 0 1 0 0 
2 0 1 0 0 0 0 0 1 
1 0 1 0 0 0 0 0 2 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
2 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 0 0 2 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 0 0 2 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 0 
1 0 1 0 0 0 1 0 0 
0 0 1 0 0 0 0 0 2 
1 0 1 0 0 0 0 0 1 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 1 0 0 
0 1 1 0 0 0 1 0 0 
1 0 0 0 0 0 0 0 1 
1 0 1 0 0 0 0 0 2 
2 0 1 0 0 0 0 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 2 
2 0 1 0 0 0 0 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
2 0 1 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 
1 0 1 0 0 1 0 0 0 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 0 0 0 
0 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 1 0 0 1 
1 0 1 0 0 0 1 0 1 
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1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
2 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
0 1 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 1 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
2 0 1 0 0 
1 0 1 0 0 
2 0 2 0 0 
0 1 1 0 0 
0 1 1 0 0 
0 1 0 0 1 
0 1 1 0 0 
2 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
0 0 0 0 0 
0 1 0 0 1 
1 0 2 0 0 
0 0 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
0 0 0 0 0 
0 1 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
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0 0 0 1 
0 0 0 1 
0 2 0 0 
0 1 0 1 
1 0 0 0 
0 1 0 0 
0 0 0 0 
0 1 0 0 
0 0 0 2 
0 2 0 0 
0 1 0 1 
0 0 0 2 
0 0 0 0 
0 1 0 0 
0 0 0 0 
0 1 0 0 
0 0 0 1 
0 1 0 0 
0 1 0 1 
0 1 0 0 
0 0 0 1 
0 1 0 1 
0 2 0 0 
0 1 0 0 
0 1 0 0 
0 1 0 0 
0 1 0 0 
0 0 0 0 
0 1 0 0 
1 0 0 1 
0 1 0 1 
0 0 0 0 
0 1 0 0 
0 0 0 0 
0 1 0 0 
0 1 0 1 
1 0 0 1 
0 1 0 0 
0 0 0 0 
0 0 0 0 
0 1 0 0 
0 1 0 0 
0 0 0 2 
0 0 0 1 
0 0 0 0 
0 1 0 1  
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1 1 0 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
0 1 0 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
0 0 0 0 0 0 1 0 1 
2 0 1 0 0 0 0 0 2 
1 0 1 0 0 0 0 0 2 
1 0 1 0 0 0 1 0 0 
1 1 0 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 
1 0 0 0 0 0 0 0 0 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 1 0 0 0 
0 1 0 1 0 0 1 0 0 
1 0 1 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 1 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 1 0 0 1 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 0 
1 0 1 0 0 0 1 0 0 
2 0 1 0 0 0 0 0 1 
0 1 0 0 0 0 1 0 0 
0 1 0 0 0 0 0 0 0 
1 0 1 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 1 
1 0 0 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 1 0 1 
1 0 1 0 0 0 1 0 0 
0 0 0 0 0 0 0 0 0 
0 1 0 1 0 1 0 0 1 
1 0 1 0 0 0 0 0 1 
1 0 1 0 0 0 1 0 0 
0 1 0 1 0 0 0 0 0 
1 0 1 0 0 0 0 0 1 
1 0 0 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
1 0 1 0 0 0 1 0 0 
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1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
0 1 0 0 0 
0 1 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
2 0 0 0 0 
1 0 1 0 0 
0 0 1 1 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 1 0 0 0 
0 1 1 0 0 
2 0 2 0 0 
1 0 1 0 0 
0 0 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
0 1 0 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
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0 1 0 1 
1 0 0 0 
0 1 0 1 
1 0 0 0 
0 0 0 2 
0 1 0 0 
0 1 0 0 
0 0 0 0 
0 0 0 1 
0 0 0 1 
0 0 0 1 
0 1 0 0 
0 0 0 0 
0 0 0 1 
0 0 0 2 
0 1 0 0 
0 1 0 0 
0 0 0 2 
0 0 0 1 
0 1 0 0 
0 1 0 0 
0 1 0 0 
0 0 0 0 
0 1 0 1 
0 0 0 0 
0 1 0 0 
0 2 0 1 
0 1 0 0 
0 1 0 1 
0 0 0 2 
0 0 0 1  

























Appendix S9 Supplementary table S9 listing niche overlap, niche width, and niche optimum across the overall climatic space for both the 31 
species belonging to the “disjunct” group and the 358 species belonging to the “widespread” group.
Table S9: Observed niche overlap (Dobs), niche width, and niche optimum across the overall climatic space, including both analogue and non- 
analogue climates, of the bi-dimensional climatic space defined by growing degree days above 0°C (GDD) and aridity index (AI) for each of the 389 
terrestrial vascular plant species retained to compare their realised climatic niche between the Alps (A) and Fennoscandia (F). Species 
belonging to the “disjunct” group (i.e. species that have spatially disjunt populations restricted to mountainous areas or Arctic-alpine tundra and  
which distribution does not extend outside the study area, e.g. southward from the Alps or westward from Fennoscandia) (n = 31) are displayed  
in bold.  



































0.51 1695.79 1136.84 
0.35 1391.09 960.69 
0.51 1610.83 994.84 
0.37 1535.41 883.08 
0.31 974.05 523.83 
0.42 1692.03 840.07 
0.34 1479.35 1080.30 
0.51 1365.55 1514.27 
0.48 1249.90 964.21 
0.43 1368.02 706.65 
AI GDD 
A F A 
1.32 1.10 2978.96 
1.22 1.13 2405.16 
1.20 0.79 2843.68 
1.20 0.68 2742.01 
0.64 0.48 3062.45 
0.92 0.79 3023.39 
1.64 1.62 1597.06 
1.88 3.37 1589.27 
0.81 0.61 3014.52 
0.85 0.66 3033.95 
AI 
F A F 
2433.33 1.25 1.05 
2385.12 1.59 1.06 
2592.77 1.39 1.29 
2238.68 1.41 1.14 
2608.68 1.25 0.94 
2650.35 1.30 0.97 
2509.76 1.80 1.03 
1193.64 2.29 1.83 
2449.20 1.27 1.04 

















































Alopecurus geniculatus 0.61 
Alopecurus pratensis 0.45 
Alyssum alyssoides 0.35 
Anagallis arvensis 0.64 
Andromeda polifolia 0.32 
Anemone nemorosa 0.42 
Angelica sylvestris 0.37 
Anthemis arvensis 0.40 
Anthericum ramosum 0.13 
Aquilegia vulgaris 0.36 
Arctium lappa 0.53 
Arctium minus 0.54 
Arctium nemorosum 0.53 
Arctostaphylos alpinus 0.42 
Arenaria serpyllifolia 0.46 
Artemisia vulgaris 0.43 
Asplenium trichomanes-ramosum 0.40 
Astragalus alpinus 0.56 
Astragalus glycyphyllos 0.45 
Athyrium distentifolium 0.38 
Athyrium filix-femina 0.35 
Atriplex patula 0.38 
Avenula pratensis 0.32 
Avenula pubescens 0.47 
Barbarea vulgaris 0.44 
Bartsia alpina 0.50 
Bellis perennis 0.59 
Berberis vulgaris 0.32 
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1624.75 1302.03 0.88 1.19 
1636.93 1158.72 0.90 0.74 
1867.52 706.81 0.87 0.56 
1228.01 1013.36 0.77 1.06 
1404.72 1391.33 0.97 1.82 
1469.89 1000.50 1.04 1.54 
1502.51 1251.48 1.17 1.53 
1311.91 689.79 0.80 0.74 
1485.37 293.97 1.13 0.25 
1510.05 645.49 1.14 0.73 
1232.69 814.60 0.74 0.89 
1238.27 831.07 0.72 0.75 
1230.24 822.80 0.76 0.77 
1696.42 1195.70 2.15 2.36 
1705.20 892.74 0.96 0.80 
1558.26 968.51 0.88 0.75 
1652.79 1443.56 1.64 3.68 
1809.77 1413.08 2.28 3.08 
1577.96 782.94 1.07 0.80 
1728.87 1188.11 1.61 3.57 
1510.80 1158.67 1.36 1.86 
1065.92 681.51 0.72 0.61 
1776.75 463.76 1.41 0.56 
1992.60 1017.11 1.42 0.90 
1383.37 876.34 0.90 0.85 
1824.26 1089.29 2.43 3.31 
1498.55 791.86 1.11 0.82 
1450.80 495.80 1.06 0.64 
3107.19 2599.38 1.23 
3084.08 2339.83 1.23 
3320.11 2842.11 1.03 
3057.08 2828.51 1.27 
2838.18 1765.23 1.36 
3049.92 2475.63 1.38 
3146.19 2073.67 1.34 
3056.71 2452.52 1.28 
2830.97 2678.75 1.39 
2902.70 2550.66 1.28 
2876.45 2509.75 1.25 
2883.10 2491.17 1.25 
2884.46 2549.69 1.25 
1597.23 1183.74 2.10 
3041.81 2520.86 1.24 
3025.99 2214.31 1.26 
2172.97 1276.63 1.83 
1227.87 1221.38 2.47 
3036.93 2446.57 1.28 
1767.52 1096.29 2.03 
2129.19 2288.91 2.03 
3063.33 2600.03 1.26 
2772.97 2517.04 1.33 
2947.43 2552.24 1.24 
2997.04 2375.50 1.29 
1346.66 1261.70 2.65 
2963.39 2815.00 1.29 
2947.72 2579.72 1.27 




































5 Blechnum spicant 0.55 
6 Blysmus compressus 0.30 
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1474.39 1540.11 1.51 3.54 
1713.65 685.34 1.30 0.48 
2131.25 2532.93 1.96 1.47 



































































0.19 1785.61 569.51 
0.30 2019.43 504.22 
0.56 1177.99 714.97 
0.59 1542.69 932.23 
0.45 1431.28 564.01 
0.25 1910.47 648.11 
0.36 1266.14 962.39 
0.34 1434.65 1079.07 
0.45 2103.34 1411.75 
0.47 1455.83 857.65 
0.26 1676.26 663.52 
0.32 1594.51 588.04 
0.44 1531.86 702.76 
0.45 1621.69 1268.30 
0.47 1879.37 992.06 
0.55 1173.52 1105.43 
0.60 1458.40 1101.52 
0.47 1369.44 776.66 
0.37 1577.54 1321.97 
0.24 1064.53 948.34 
0.34 998.38 551.97 
0.63 1546.94 1105.97 
0.62 1743.78 1347.67 
0.30 2113.81 538.67 
0.32 1650.43 936.76 
0.44 2406.32 1314.73 
1.15 0.37 2659.41 
1.00 0.49 3178.03 
0.66 0.94 2957.93 
0.94 1.07 2895.16 
0.72 0.64 3265.03 
1.28 0.51 1988.00 
0.77 0.77 3064.12 
1.03 0.72 3000.90 
1.75 1.97 2857.59 
0.87 0.92 3177.79 
1.06 0.58 3077.15 
0.97 0.57 2987.88 
1.00 0.71 2938.41 
1.10 1.68 3021.05 
1.27 0.72 2960.76 
0.98 2.51 2995.12 
0.87 2.41 3116.16 
0.94 1.05 2981.87 
1.16 1.10 2788.59 
0.67 0.55 3077.60 
0.67 0.44 3276.20 
1.86 2.81 1403.26 
2.17 2.49 1206.84 
1.74 0.66 2979.38 
1.26 1.06 3002.65 
































2181.57 1.29 1.15 
2549.19 1.19 0.96 
2499.66 1.24 1.00 
2275.42 1.26 1.13 
2343.35 1.30 1.11 
2599.56 1.17 1.08 
2732.43 1.28 1.07 
2547.10 1.32 0.99 
2344.50 1.36 1.11 
2183.20 1.30 1.10 
2916.20 1.34 1.15 
1157.70 2.11 1.71 
1452.55 2.59 1.35 
2575.22 1.30 0.95 
2246.19 1.39 1.13 















































Carex flava 0.42 
Carex hirta 0.40 
Carex lasiocarpa 0.26 
Carex limosa 0.38 
Carex montana 0.20 
Carex muricata 0.56 
Carex pallescens 0.47 
Carex pauciflora 0.45 
Carex pulicaris 0.60 
Carex remota 0.49 
Carex rostrata 0.47 
Carex spicata 0.36 
Carex tomentosa 0.08 
Carex vesicaria 0.33 
Carum carvi 0.49 
Centaurea cyanus 0.42 
Centaurea jacea 0.42 
Centaurea scabiosa 0.46 
Centaurium erythraea 0.21 
Centaurium pulchellum 0.45 
Chaenorhinum minus 0.38 
Chamomilla recutita 0.41 
Chamomilla suaveolens 0.46 
Chelidonium majus 0.24 
Chenopodium album 0.40 
Chenopodium polyspermum 0.36 
Chrysosplenium alternifolium 0.39 
Cicerbita alpina 0.41 
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1811.24 1425.06 1.25 2.48 
1330.70 585.81 0.85 0.52 
1122.62 1418.49 0.64 1.64 
1643.67 1244.81 1.14 1.24 
1722.61 384.54 1.30 0.64 
1197.32 1099.25 0.88 1.15 
1801.67 1116.49 1.37 1.27 
1579.47 1420.83 1.21 2.21 
1448.22 1100.77 0.86 1.86 
1237.49 730.46 0.96 1.06 
1751.04 1512.18 1.17 1.41 
1385.38 672.53 0.85 0.61 
1351.92 744.61 0.82 0.39 
1173.10 1123.78 0.80 0.72 
1672.03 1252.81 1.43 1.68 
1499.35 852.15 0.81 0.61 
1531.84 822.62 0.95 0.69 
1688.65 961.51 0.96 0.64 
2066.65 308.75 0.97 0.43 
1119.59 585.13 0.75 0.65 
1286.16 660.37 0.78 0.62 
1329.52 445.92 0.69 0.59 
1709.74 1072.02 0.95 0.91 
1137.94 546.13 0.82 0.48 
1388.40 1233.54 0.86 0.70 
1079.65 676.95 0.72 0.65 
1526.87 873.25 1.12 0.71 
1225.23 1059.74 1.51 2.33 
3070.59 1888.80 1.31 
2998.38 2628.95 1.27 
3052.66 1916.55 1.27 
2736.73 1537.99 1.37 
3200.91 2556.75 1.35 
2956.34 2361.29 1.32 
2887.62 2341.36 1.35 
2569.12 1583.52 1.44 
3007.47 2535.88 1.29 
3042.21 2677.34 1.33 
2890.32 1783.44 1.32 
3133.58 2550.67 1.28 
3290.11 1855.09 1.36 
3044.80 2360.82 1.28 
2892.35 2289.46 1.31 
3097.68 2497.09 1.23 
3098.53 2369.88 1.26 
2963.08 2317.05 1.26 
3104.32 2840.71 1.32 
3126.77 2845.64 1.29 
2982.04 2570.73 1.28 
2895.83 2586.83 1.25 
2879.69 2234.27 1.28 
3028.35 2602.97 1.27 
3019.89 2282.34 1.27 
3035.83 2547.95 1.26 
2901.38 2456.10 1.34 
1895.69 1639.48 2.25 




































5 Cichorium intybus 0.40 
6 Cirsium arvense 0.50 
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1270.43 706.08 0.80 0.59 
1750.26 998.10 0.95 0.65 
3058.64 2669.66 1.26 0.93 


































































0.52 1443.52 1261.04 
0.32 1531.49 551.69 
0.53 1743.18 821.96 
0.21 1990.39 455.44 
0.48 1737.34 1356.49 
0.40 1705.22 1075.35 
0.42 1515.92 770.67 
0.37 1418.18 686.78 
0.50 1331.23 1376.36 
0.31 1649.93 594.51 
0.18 1383.56 242.28 
0.43 1301.06 747.32 
0.44 1428.30 1266.01 
0.47 1757.08 713.80 
0.31 1672.58 1017.86 
0.25 1946.10 1404.24 
0.55 1962.94 1254.31 
0.31 1220.03 1373.68 
0.48 1459.08 1371.92 
0.45 1697.21 970.60 
0.02 1334.65 1200.83 
0.35 1598.20 1047.05 
0.43 1558.71 1283.76 
0.40 1794.55 720.89 
0.52 1219.23 1399.70 
0.56 1544.93 1425.37 
1.21 1.42 1651.79 
1.13 0.38 2673.47 
0.98 0.83 2583.89 
1.08 0.46 3151.14 
1.90 2.55 1705.86 
1.16 1.04 2933.27 
0.85 0.71 3134.54 
0.88 0.58 3017.36 
1.32 1.68 1921.66 
0.90 0.56 3090.48 
0.97 0.41 3047.53 
0.95 0.56 2977.40 
1.45 1.48 1961.12 
1.04 1.24 2833.89 
1.43 0.68 2226.69 
1.53 0.62 2864.26 
2.55 3.87 1593.13 
0.76 2.15 2993.62 
1.02 1.85 2842.78 
2.04 2.98 1477.18 
0.90 3.13 2554.24 
1.53 0.80 2598.17 
1.33 2.43 2307.07 
0.98 0.71 2995.67 
0.74 2.01 3092.65 
































2872.97 1.25 1.12 
2863.99 1.28 1.13 
2264.00 2.25 1.19 
2539.54 1.33 1.03 
2277.58 1.74 1.11 
1599.82 1.32 1.14 
1086.36 2.12 1.66 
1545.84 1.28 1.22 
1905.56 1.35 1.18 
1054.73 2.33 1.70 
2418.92 1.48 4.21 
2258.53 1.54 1.11 
2414.42 1.79 1.13 
2630.77 1.27 0.95 
2670.68 1.26 1.12 















































Elymus repens 0.50 
Epilobium alsinifolium 0.49 
Epilobium hirsutum 0.39 
Epilobium palustre 0.51 
Epilobium parviflorum 0.35 
Epilobium roseum 0.61 
Epipactis palustris 0.21 
Equisetum fluviatile 0.44 
Equisetum hyemale 0.41 
Equisetum sylvaticum 0.36 
Erigeron uniflorus 0.57 
Eriophorum latifolium 0.39 
Erophila verna 0.42 
Euonymus europaeus 0.32 
Euphorbia helioscopia 0.42 
Fallopia convolvulus 0.39 
Festuca altissima 0.60 
Festuca arundinacea 0.34 
Festuca gigantea 0.66 
Festuca pratensis 0.54 
Fragaria vesca 0.36 
Frangula alnus 0.38 
Gagea lutea 0.42 
Galeopsis bifida 0.41 
Galeopsis speciosa 0.44 
Galeopsis tetrahit 0.55 
Galinsoga ciliata 0.45 
Galium album 0.11 
Global Ecology and Biogeography 
1413.78 1171.18 0.93 0.83 
1769.88 1065.98 1.80 2.42 
1293.45 568.09 0.87 0.49 
1667.52 1351.76 1.13 0.76 
1353.23 484.61 0.88 0.46 
1215.43 791.55 0.84 1.02 
1403.16 589.68 0.83 0.39 
1352.15 1559.20 0.86 0.99 
1448.52 1538.88 0.99 1.27 
1356.01 1479.22 1.43 1.71 
1508.36 924.60 2.81 2.88 
1724.45 1054.14 1.32 1.49 
1373.56 628.18 0.89 0.79 
1318.37 537.88 0.83 0.55 
1315.66 667.54 0.85 0.76 
1323.93 910.34 0.84 0.82 
1330.11 945.33 1.23 2.78 
1547.32 692.46 0.84 0.37 
1309.65 922.00 0.82 1.57 
1611.12 981.96 1.05 0.84 
1679.56 976.98 1.40 1.28 
1327.41 950.33 0.82 0.97 
1274.75 701.19 0.85 0.74 
1654.52 1094.70 0.95 0.69 
1762.11 1061.88 1.08 0.94 
1676.44 1113.76 1.26 1.61 
1017.84 649.16 0.59 0.66 
1614.00 551.59 1.28 0.33 
2964.59 2473.25 1.31 
2099.38 1394.04 1.67 
3028.75 2871.38 1.27 
2898.59 2188.16 1.31 
2982.96 2886.46 1.30 
3013.43 2744.32 1.29 
3185.94 2739.36 1.30 
3008.50 2064.95 1.27 
3052.43 2372.54 1.30 
2635.05 2182.00 1.48 
1041.78 962.14 3.10 
3016.05 1747.43 1.29 
3069.23 2585.61 1.30 
3101.16 2887.37 1.29 
3008.00 2576.57 1.28 
3008.92 2277.64 1.26 
2504.13 2432.81 1.54 
3069.41 3021.22 1.23 
2932.76 2754.58 1.25 
2831.19 2458.54 1.30 
2434.24 2261.95 1.61 
3027.97 2330.95 1.30 
2975.49 2577.22 1.30 
2992.97 2226.91 1.28 
2865.91 2177.61 1.29 
2626.11 2482.37 1.38 
3031.98 2548.72 1.28 
2808.33 2196.71 1.38 




































5 Galium boreale 0.50 
6 Galium mollugo 0.42 
Global Ecology and Biogeography 
1719.51 1361.90 1.05 1.33 
1683.76 937.62 1.27 0.92 
3144.59 2369.22 1.30 1.12 


































































0.44 1475.36 1179.18 
0.39 1465.99 1351.69 
0.33 1765.31 654.79 
0.20 1703.94 293.88 
0.51 1267.70 844.65 
0.52 1768.67 1097.39 
0.53 1166.26 724.04 
0.47 1015.08 1059.19 
0.53 1252.97 1045.86 
0.40 1143.47 876.61 
0.33 1414.50 1473.24 
0.53 1477.12 985.44 
0.53 1295.47 974.06 
0.26 1705.18 549.63 
0.31 1409.11 903.64 
0.38 1404.25 1313.94 
0.36 1662.93 609.26 
0.31 1302.51 1030.07 
0.55 1468.34 1038.06 
0.58 1808.56 1546.70 
0.52 1929.06 1536.05 
0.56 1129.12 779.93 
0.62 1485.63 820.50 
0.46 1357.48 1048.44 
0.40 1122.41 1512.88 
0.41 1754.77 1036.10 
0.88 0.80 3163.93 
0.94 0.80 3010.20 
1.23 0.67 3150.57 
0.76 0.36 2840.11 
0.84 0.73 3036.59 
2.74 3.10 1323.31 
0.73 2.80 3225.47 
1.79 3.37 1577.05 
0.75 2.34 2980.33 
0.66 0.42 3103.24 
1.60 2.04 1890.58 
0.75 0.66 2988.35 
0.79 0.93 2981.94 
0.92 0.41 2933.08 
1.05 0.66 2642.14 
1.41 1.92 2156.21 
0.94 2.24 3155.09 
0.71 0.63 2457.49 
1.97 3.04 1257.07 
1.60 2.81 2101.77 
1.37 2.75 2927.12 
0.75 1.18 2963.52 
0.77 1.97 3028.19 
0.90 0.79 3116.97 
0.84 3.00 2873.94 
































2279.45 2.10 1.11 
2531.23 1.24 1.00 
2393.86 1.27 1.12 
3008.51 1.24 1.12 
2130.61 1.43 1.13 
2159.26 1.85 1.14 
2773.80 1.36 1.00 
2752.62 1.53 0.97 
1030.80 2.42 1.86 
2416.42 1.92 1.45 
2398.20 1.36 1.45 
2567.63 1.30 1.03 
2668.12 1.22 1.32 
2533.93 1.29 1.03 
2740.66 1.34 1.01 















































Hypericum perforatum 0.46 
Hypericum tetrapterum 0.27 
Hypochoeris radicata 0.65 
Impatiens glandulifera 0.34 
Impatiens noli-tangere 0.46 
Impatiens parviflora 0.45 
Inula conyza 0.15 
Inula salicina 0.28 
Iris pseudacorus 0.39 
Juncus bufonius 0.44 
Juncus compressus 0.49 
Juncus conglomeratus 0.48 
Juncus effusus 0.44 
Juncus filiformis 0.56 
Juncus tenuis 0.50 
Juncus trifidus 0.50 
Juniperus communis 0.46 
Kobresia myosuroides 0.57 
Lactuca serriola 0.20 
Lamium album 0.47 
Lamium purpureum 0.48 
Lapsana communis 0.47 
Laserpitium latifolium 0.12 
Lathraea squamaria 0.35 
Lathyrus sylvestris 0.40 
Lathyrus vernus 0.38 
Leontodon autumnalis 0.52 
Ligustrum vulgare 0.29 
Global Ecology and Biogeography 
1807.21 777.69 1.05 0.80 
1043.84 265.89 0.68 0.32 
1366.48 1053.14 0.91 3.40 
1046.01 877.90 0.66 0.67 
1233.94 991.93 1.03 1.29 
1270.01 646.65 0.91 0.73 
2295.61 527.19 1.02 0.40 
1368.23 608.68 0.78 0.50 
1099.64 851.45 0.77 0.56 
1062.51 1296.49 0.68 1.35 
1145.79 830.87 0.82 0.68 
1071.16 1117.69 0.63 1.58 
1535.86 756.88 1.17 0.73 
1750.24 1753.67 1.41 2.69 
1215.65 644.26 0.75 0.99 
1256.24 1061.35 2.12 3.27 
1925.74 1486.68 1.84 1.95 
1258.63 1004.25 2.57 2.97 
1886.15 480.28 1.19 0.55 
1728.30 698.42 0.97 0.64 
1495.10 758.90 0.88 0.67 
1287.48 905.24 0.91 1.08 
1546.57 397.53 1.45 0.29 
1172.67 488.83 0.69 0.65 
1692.45 848.40 0.95 0.78 
1569.29 933.08 1.16 1.35 
1859.71 1520.51 1.62 1.40 
1578.47 534.98 0.95 0.67 
3030.28 2572.90 1.28 
3047.21 3009.90 1.27 
3010.92 2796.46 1.28 
3071.21 2495.08 1.25 
2910.16 2317.50 1.35 
3089.80 2694.73 1.25 
3319.56 2850.16 1.22 
3233.87 2655.44 1.33 
3103.55 2590.78 1.27 
2996.90 2380.15 1.27 
2993.22 2563.35 1.28 
3043.24 2443.62 1.27 
3032.94 2514.98 1.30 
2717.82 2202.10 1.39 
3075.31 2583.86 1.27 
1118.61 1110.45 2.88 
2007.60 2340.43 1.72 
1036.36 896.62 3.16 
3256.99 2607.96 1.09 
2887.27 2584.02 1.26 
2930.99 2463.46 1.27 
3035.58 2428.94 1.28 
2055.12 2634.69 1.83 
3012.23 2535.92 1.30 
3043.80 2423.99 1.29 
2724.85 2370.17 1.40 
2871.76 2246.18 1.32 
3194.33 2708.91 1.22 




































5 Linaria vulgaris 0.46 
6 Liparis loeselii 0.24 
Global Ecology and Biogeography 
1157.45 1038.05 0.77 0.89 
1073.81 646.99 0.78 0.41 
3028.54 2417.87 1.27 1.10 


































































0.43 1341.95 1316.33 
0.58 1333.77 1195.73 
0.54 1470.95 1059.96 
0.22 1430.94 714.71 
0.34 1054.29 245.57 
0.42 1804.43 867.68 
0.50 2120.31 1537.15 
0.42 1633.99 1339.87 
0.49 1299.58 1012.34 
0.33 1439.11 1260.10 
0.52 1313.61 894.67 
0.43 1527.22 1425.18 
0.58 1742.98 1673.73 
0.52 1111.32 753.71 
0.38 1316.05 1249.65 
0.46 1343.21 762.37 
0.37 1336.74 800.14 
0.34 1496.12 1130.58 
0.38 1812.08 619.05 
0.49 1613.45 855.70 
0.37 1381.23 1231.16 
0.42 1560.81 1240.76 
0.48 1562.97 917.68 
0.48 1386.39 929.19 
0.49 1301.59 846.37 
0.39 1407.66 1415.95 
1.59 1.79 2151.85 
2.21 3.23 1207.14 
0.80 0.88 3087.12 
1.10 0.50 2851.08 
0.59 0.45 2977.76 
1.28 0.85 1589.41 
1.75 2.09 3026.51 
1.08 1.79 2762.93 
2.50 3.15 1033.03 
1.49 3.70 2082.14 
0.80 0.83 3017.88 
1.41 1.62 2068.15 
1.36 2.76 2789.63 
0.73 0.63 2982.55 
1.35 4.53 2194.29 
0.90 0.60 3051.40 
0.84 0.61 3195.61 
1.41 1.09 2242.36 
1.03 0.61 3001.77 
0.85 0.80 2959.83 
1.59 1.19 1975.65 
1.19 1.59 2857.69 
0.83 0.91 2999.95 
0.91 1.48 3015.29 
0.69 0.72 2983.25 
































2479.58 1.28 1.12 
1924.52 1.78 1.16 
2380.07 1.40 1.22 
2569.86 1.24 0.98 
2795.82 1.98 1.21 
2533.77 1.28 1.00 
2557.70 1.31 0.97 
2219.31 1.82 1.15 
2551.71 1.26 0.97 
2603.44 1.29 1.01 
2184.77 1.99 1.13 
2270.89 1.29 1.12 
2480.39 1.25 1.09 
2521.67 1.26 1.04 
2318.33 1.26 1.11 















































Milium effusum 0.48 
Moehringia trinervia 0.41 
Moneses uniflora 0.34 
Monotropa hypopitys 0.40 
Mycelis muralis 0.44 
Myosotis arvensis 0.40 
Myosotis scorpioides 0.44 
Myosoton aquaticum 0.31 
Neottia nidus-avis 0.32 
Omalotheca supina 0.59 
Onobrychis viciifolia 0.32 
Orchis morio 0.12 
Orchis ustulata 0.11 
Oreopteris limbosperma 0.41 
Orthilia secunda 0.36 
Oxalis acetosella 0.35 
Papaver rhoeas 0.49 
Paris quadrifolia 0.30 
Parnassia palustris 0.41 
Pastinaca sativa 0.36 
Pedicularis palustris 0.34 
Phalaris arundinacea 0.52 
Phegopteris connectilis 0.48 
Phleum alpinum 0.49 
Phleum phleoides 0.22 
Phleum pratense 0.48 
Phragmites australis 0.41 
Picris hieracioides 0.25 
Global Ecology and Biogeography 
1761.51 1464.59 1.38 1.70 
1385.21 767.20 1.17 1.01 
1677.59 1091.21 1.17 0.95 
1358.08 718.20 1.13 0.73 
1464.93 789.27 1.21 1.29 
1438.08 1124.98 0.96 1.05 
1454.78 865.76 1.06 0.71 
1077.70 870.15 0.72 0.42 
1437.52 727.95 1.18 0.99 
1503.74 1219.78 2.91 3.57 
1739.00 613.40 1.23 0.40 
1150.08 265.32 0.69 0.33 
1600.90 209.93 1.05 0.28 
1541.19 1514.67 1.46 3.62 
1632.15 1174.31 1.49 0.89 
1557.84 1092.07 1.36 1.61 
1415.07 799.55 0.85 0.92 
1443.49 1156.71 1.26 1.00 
2120.79 1412.66 1.91 2.02 
1256.96 650.45 0.80 0.55 
1669.62 1199.16 1.01 1.03 
1257.50 1284.92 0.69 1.97 
1574.23 1484.86 1.23 2.85 
1546.00 1077.74 1.95 2.54 
2091.70 532.07 1.66 0.36 
1615.31 1162.58 0.93 1.11 
1309.41 1126.75 0.73 0.63 
2291.89 843.88 1.16 0.44 
2566.18 2190.75 1.46 
2759.91 2286.60 1.39 
2262.36 1728.36 1.62 
2706.69 2353.12 1.39 
2790.31 2511.24 1.36 
3072.39 2372.51 1.26 
3062.64 2551.64 1.30 
3011.56 2351.75 1.27 
2515.64 2487.02 1.52 
1044.00 1069.03 3.11 
2826.55 2800.37 1.18 
3146.87 2842.93 1.36 
2638.57 2839.21 1.45 
2028.07 1696.68 2.08 
2586.03 2200.01 1.45 
2149.73 2249.06 1.95 
3098.71 2691.46 1.23 
2477.83 2247.89 1.62 
2936.39 1474.25 1.34 
3039.87 2578.06 1.30 
2848.12 1804.85 1.34 
3016.68 2437.99 1.26 
2171.04 2383.26 1.93 
1490.62 1482.05 1.98 
2876.33 2554.31 1.21 
3154.59 2311.74 1.25 
3165.89 2205.07 1.25 
2990.29 2130.49 1.27 




































5 Pimpinella saxifraga 0.38 
6 Pinguicula vulgaris 0.45 
Global Ecology and Biogeography 
1527.51 901.11 1.08 0.88 
1720.19 1630.11 1.38 2.68 
2940.55 2424.58 1.29 1.04 


































































0.51 1539.87 1268.89 
0.29 1685.81 999.69 
0.32 1603.88 845.75 
0.51 1508.14 787.28 
0.55 1718.09 1325.94 
0.13 1912.20 353.15 
0.54 1742.55 1288.19 
0.40 1398.66 594.54 
0.30 1188.98 962.29 
0.39 1475.90 1300.85 
0.49 1569.46 805.28 
0.38 1466.34 636.66 
0.38 1551.09 833.47 
0.44 1226.38 1454.57 
0.50 1053.29 814.42 
0.47 1454.45 1172.35 
0.45 1181.27 733.73 
0.58 1080.40 911.85 
0.50 1447.20 1472.58 
0.44 1406.12 1235.38 
0.53 1651.80 1147.62 
0.58 1245.93 934.44 
0.45 1917.69 1408.57 
0.37 1492.33 1314.29 
0.30 1398.22 599.58 
0.57 1530.98 1027.73 
1.19 1.37 2749.74 
1.32 0.61 2996.66 
1.19 0.75 2952.32 
0.92 1.52 2732.61 
2.41 2.75 1471.88 
1.05 0.27 3066.01 
1.10 1.21 2883.51 
0.81 0.68 3029.73 
0.76 0.60 3199.48 
0.96 0.73 2958.35 
1.17 1.26 2959.37 
0.98 0.68 3115.69 
0.98 0.83 2927.85 
1.20 2.74 2169.97 
0.71 0.61 3034.17 
0.96 0.96 3029.00 
0.76 0.74 3027.17 
0.74 2.59 3030.63 
1.67 3.48 1700.49 
0.97 0.65 2875.25 
1.15 0.82 2903.58 
0.89 1.03 3000.43 
1.70 1.98 1805.87 
0.91 0.84 2965.75 
0.87 0.41 3048.28 
































2556.41 1.30 1.00 
2792.88 1.34 1.16 
2289.82 1.27 1.12 
1817.76 1.99 1.30 
2575.23 1.25 0.97 
2475.96 1.27 1.08 
2498.31 1.26 0.99 
2645.27 1.28 1.26 
1314.65 2.29 2.05 
2211.75 1.32 1.10 
2218.35 1.32 1.13 
2518.77 1.29 1.07 
2323.95 2.13 1.14 
2345.97 1.31 1.08 
2617.20 1.27 0.94 















































Primula veris 0.27 
Primula vulgaris 0.20 
Prunella grandiflora 0.13 
Prunella vulgaris 0.53 
Prunus spinosa 0.32 
Pseudorchis albida 0.49 
Pulmonaria officinalis 0.39 
Pulsatilla vernalis 0.22 
Ranunculus bulbosus 0.23 
Ranunculus circinatus 0.45 
Ranunculus ficaria 0.54 
Ranunculus flammula 0.47 
Ranunculus platanifolius 0.38 
Ranunculus polyanthemos 0.17 
Ranunculus repens 0.41 
Ranunculus reptans 0.50 
Reseda lutea 0.46 
Rhamnus catharticus 0.28 
Rhinanthus minor 0.43 
Rhodiola rosea 0.39 
Rhynchospora alba 0.42 
Ribes alpinum 0.25 
Ribes uva-crispa 0.47 
Rorippa palustris 0.36 
Rorippa sylvestris 0.38 
Rosa rubiginosa 0.39 
Rubus caesius 0.28 
Rubus fruticosus 0.41 
Global Ecology and Biogeography 
1740.48 560.34 1.21 0.54 
1791.83 1376.01 0.97 4.29 
1675.53 350.15 1.23 0.30 
1901.55 1134.56 1.27 1.30 
1578.16 440.18 1.00 0.56 
1608.86 1515.53 1.69 3.17 
1530.84 585.10 1.09 0.61 
1540.41 1648.94 3.00 1.00 
2133.60 528.69 0.93 0.49 
1748.67 1409.25 1.24 0.75 
1155.53 728.33 0.78 0.87 
1198.73 1266.14 0.78 1.08 
1330.40 1352.14 1.34 3.65 
1173.78 620.62 0.71 0.43 
1669.48 1195.90 1.30 0.79 
1232.34 1306.30 0.84 1.25 
1428.78 772.09 0.81 0.90 
1484.31 507.14 0.97 0.40 
1524.34 1542.95 1.11 2.42 
1363.74 1365.71 1.53 3.60 
1082.49 956.36 0.67 1.17 
1394.08 660.34 1.22 0.47 
1346.27 749.24 0.85 0.70 
1098.79 1146.96 0.62 0.64 
1067.40 1060.89 0.68 1.53 
1925.29 583.33 0.95 0.68 
1489.60 629.89 1.03 0.46 
1245.38 449.52 0.90 0.65 
3116.27 2538.32 1.29 
3368.50 2579.93 1.06 
2922.12 2847.31 1.30 
2420.99 2273.24 1.41 
2949.47 2624.92 1.22 
1776.92 1127.54 1.92 
3002.33 2793.63 1.31 
1104.19 2308.48 3.16 
3182.13 2606.63 1.16 
2962.14 2597.60 1.30 
3041.08 2605.16 1.29 
3022.39 2513.60 1.30 
1993.03 1400.44 2.16 
2997.63 2550.28 1.27 
2958.50 2315.11 1.30 
3045.35 2479.75 1.30 
3177.92 2625.14 1.25 
3044.69 2513.98 1.39 
2924.47 2174.61 1.28 
1216.07 1028.67 2.56 
2899.90 2417.64 1.33 
2483.30 2554.85 1.49 
2972.57 2503.45 1.26 
3065.81 2217.63 1.26 
3052.02 2366.73 1.28 
3042.52 2645.20 1.22 
3163.77 2993.35 1.32 
3024.26 2884.09 1.30 




































5 Rubus idaeus 0.37 
6 Rubus saxatilis 0.42 
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1454.33 1092.47 1.38 1.21 
1452.04 1369.56 1.42 1.73 
2166.54 2238.19 1.89 1.13 


































































0.53 1260.24 736.59 
0.60 1316.39 780.02 
0.51 1533.90 1040.63 
0.42 1314.90 1070.92 
0.50 1331.41 1019.74 
0.56 1248.77 1078.89 
0.48 1815.95 1379.63 
0.44 1744.47 675.17 
0.51 1176.45 1069.18 
0.59 1372.47 960.60 
0.32 1344.12 730.00 
0.44 1374.67 972.14 
0.54 1896.67 1224.86 
0.58 1641.07 1381.25 
0.55 1878.38 1493.42 
0.42 1100.47 958.35 
0.40 1288.50 769.40 
0.34 1164.86 505.26 
0.54 1340.09 944.40 
0.47 1741.84 1013.54 
0.19 1513.57 404.03 
0.40 1841.32 1151.56 
0.30 978.48 523.28 
0.62 1093.80 676.42 
0.66 1135.69 863.10 
0.48 1523.33 629.39 
0.79 0.73 3003.44 
0.96 1.04 2918.32 
0.92 1.51 2947.22 
0.88 0.58 3015.83 
1.82 2.44 1388.28 
2.54 3.48 992.44 
1.13 1.20 2722.92 
0.99 0.66 2969.52 
0.70 1.08 2999.87 
2.30 3.11 1010.03 
1.29 0.73 2431.96 
1.26 2.50 2268.52 
2.04 3.29 1745.57 
3.16 3.24 1042.24 
2.33 3.92 1345.31 
0.73 1.00 2945.98 
0.89 0.64 2999.06 
0.64 0.72 3013.70 
0.99 1.74 2921.95 
1.34 1.02 2470.36 
1.07 0.40 3004.95 
2.18 2.59 1560.56 
0.61 0.56 3250.59 
0.58 0.77 2654.32 
0.69 1.50 2731.47 
































2273.01 1.60 1.12 
2581.81 1.86 1.01 
1181.82 1.70 1.67 
1006.59 3.12 1.93 
1107.32 2.28 1.77 
2491.97 1.30 1.04 
2288.86 1.28 1.10 
2481.43 1.30 0.99 
2488.02 1.32 1.11 
2650.21 1.40 0.94 
2629.44 1.29 0.93 
1646.07 2.18 1.20 
2583.96 1.35 0.95 
2812.15 1.38 1.33 
2791.81 1.38 1.20 















































Senecio viscosus 0.41 
Senecio vulgaris 0.52 
Serratula tinctoria 0.15 
Sibbaldia procumbens 0.53 
Silene dioica 0.42 
Silene latifolia 0.47 
Silene rupestris 0.16 
Sinapis arvensis 0.47 
Solanum dulcamara 0.45 
Solidago canadensis 0.45 
Sonchus oleraceus 0.42 
Sparganium erectum 0.53 
Stachys sylvatica 0.56 
Stellaria graminea 0.50 
Stellaria media 0.51 
Stellaria uliginosa 0.59 
Symphytum officinale 0.42 
Tragopogon pratensis 0.20 
Trisetum spicatum 0.59 
Typha latifolia 0.35 
Vaccinium myrtillus 0.34 
Vaccinium uliginosum 0.29 
Vaccinium vitis-idaea 0.33 
Valeriana officinalis 0.18 
Veronica alpina 0.58 
Veronica fruticans 0.59 
Viburnum opulus 0.35 
Vicia hirsuta 0.37 
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1917.01 687.60 1.27 0.78 
1766.61 879.66 0.92 0.99 
1082.40 420.37 0.73 0.33 
1202.71 1095.23 2.61 3.60 
1570.76 1602.29 1.51 2.31 
1382.23 1095.62 0.82 0.99 
1803.09 605.42 2.15 0.70 
1105.86 959.75 0.66 1.23 
1409.39 880.63 0.96 0.58 
1087.02 594.40 0.70 0.78 
1195.55 794.31 0.76 0.67 
1045.00 761.29 0.61 0.68 
1363.84 1094.85 1.05 2.18 
1648.24 1359.10 1.18 1.81 
1421.25 1355.39 0.93 2.26 
1235.82 1218.54 0.74 1.46 
1211.28 876.46 0.76 0.71 
2094.08 626.86 1.74 0.50 
1210.14 869.35 2.90 2.49 
1013.72 815.08 0.70 0.52 
1562.73 1452.93 1.57 1.78 
1464.87 1537.29 2.07 1.62 
1373.94 1397.51 1.70 1.54 
1846.90 715.07 1.33 0.45 
1258.72 1117.86 2.83 3.21 
1563.97 1295.88 2.68 3.49 
1245.84 887.45 0.86 1.04 
1135.89 722.52 0.79 0.56 
2866.50 2345.15 1.27 
2931.07 2468.54 1.28 
3256.71 2586.65 1.35 
1072.98 1020.51 3.07 
2859.59 2082.43 1.36 
3017.25 2551.02 1.26 
1546.06 2238.00 2.25 
3067.45 2560.46 1.27 
2987.67 2570.47 1.30 
3113.79 2543.83 1.29 
3001.75 2540.14 1.29 
3042.24 2567.20 1.25 
2904.21 2505.47 1.28 
2997.42 2323.66 1.30 
3000.00 2387.01 1.29 
3011.35 2564.16 1.30 
3165.68 2352.12 1.29 
3200.74 2532.13 1.13 
755.10 925.14 3.12 
3226.42 2552.07 1.26 
1961.43 2215.33 2.07 
1594.98 2001.89 2.38 
1549.39 2147.89 2.06 
3256.61 2245.37 1.36 
1080.76 1035.21 3.03 
1462.99 1075.20 2.34 
3184.14 2460.70 1.32 
3083.78 2261.19 1.24 




































5 Vicia sativa 0.45 
6 Vicia sepium 0.41 
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1259.38 679.56 0.85 0.61 
1637.25 1060.71 1.32 1.62 
3115.43 2858.18 1.22 1.12 






















































0.46 1485.48 1081.31 
0.38 1368.19 598.51 
0.10 1774.55 330.04 
0.30 1101.91 712.33 
0.37 1292.34 1001.12 
0.51 1533.42 1509.25 
0.35 1359.33 1174.48 
0.18 1543.96 506.68 
0.36 1617.88 1189.39 
0.28 1229.50 508.88 
0.53 1816.09 1435.82 
0.44 1641.03 1094.48 
0.57 1311.23 1160.22 
1.30 1.94 2557.88 
0.83 0.91 3044.33 
1.11 0.20 2799.76 
0.76 0.60 3049.05 
1.50 2.37 1880.13 
0.98 1.85 3087.79 
0.92 0.72 2978.24 
0.93 0.35 3224.61 
1.27 0.95 3059.58 
0.92 0.48 3143.61 
1.32 1.50 2694.35 
1.03 2.34 3101.31 
































2349.80 1.42 1.13 
2279.42 1.33 1.15 
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Appendix S10 Supplementary table S10 listing niche overlap, niche width, and niche optimum across the analogue climatic space for both the 31 species 
belonging to the “disjunct” group and the 358 species belonging to the “widespread” group.
Table S10: Observed niche overlap (Dobs), niche width, and niche optimum across the analogue climates of the bi-dimensional climatic space defined by 
growing degree days above 0°C (GDD) and aridity index (AI) for each of the 389 terrestrial vascular plant species retained to compare their realised 
climatic niche between the Alps (A) and Fennoscandia (F). Species belonging to the “disjunct” group (i.e. species that have spatially disjunt populations 
restricted to mountainous areas or Arctic-alpine tundra and which distribution does not extend outside the study area, e.g. southward from the Alps or 










































0,53 1624.71 1126.56 
0,36 1385.11 955.24 
0,52 1530.72 979.38 
0,38 1465.46 880.03 
0,31 960.78 528.03 
0,45 1367.85 829.63 
0,35 1432.36 1073.93 
0,58 1350.09 1326.51 
0,5 1131.05 961.81 
0,46 1083.46 715.85 
0,63 1615.25 1272.47 
0,46 1588.37 1152.11 
A F A 
1.30 1.04 2971.38 
1.26 0.98 2406.29 
1.16 0.76 2858.87 
1.19 0.63 2746.03 
0.64 0.46 3067.65 
0.92 0.66 3029.57 
1.60 1.14 1599.52 
1.84 2.60 1587.21 
0.77 0.62 3022.08 
0.81 0.64 3030.74 
0.90 0.90 3113.21 
0.91 0.70 3081.20 
F A F 
2446.37 1.25 1.05 
2385.04 1.58 1.06 
2594.16 1.37 1.28 
2230.54 1.41 1.14 
2606.50 1.26 0.94 
2640.42 1.29 0.97 
2507.76 1.80 1.03 
1192.87 2.30 1.83 
2450.57 1.27 1.03 
2825.22 1.27 1.01 
2598.26 1.23 1.24 
2332.60 1.23 1.09  
48
49





5 Alyssum alyssoides 0,42 
6 Anagallis arvensis 0,68 
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1379.43 704.70 0.89 0.55 
973.39 994.05 0.74 0.85 
3327.77 2839.20 1.04 0.97 






































































0,34 1423.93 1317.83 
0,45 1372.64 967.37 
0,39 1471.04 1219.34 
0,42 1137.57 684.22 
0,13 1448.30 294.57 
0,37 1449.23 650.88 
0,54 1217.37 812.11 
0,55 1224.62 811.96 
0,54 1207.80 805.32 
0,47 1679.77 976.66 
0,49 1448.72 903.90 
0,45 1254.37 957.57 
0,46 1652.04 1322.47 
0,59 1741.68 1390.63 
0,47 1403.35 791.98 
0,41 1722.03 1073.38 
0,37 1419.21 1163.15 
0,38 1042.30 681.14 
0,33 1684.37 465.80 
0,48 1960.32 1009.16 
0,45 1352.84 875.07 
0,53 1794.61 1010.70 
0,6 1442.90 768.98 
0,32 1390.72 502.02 
0,66 1446.73 1576.76 
0,3 1712.53 685.53 
0,21 1551.38 581.96 
0,35 1608.70 513.24 
0.98 1.44 2835.46 
1.02 0.93 3047.28 
1.14 1.07 3148.92 
0.77 0.72 3064.97 
1.10 0.25 2845.85 
1.16 0.69 2910.90 
0.74 0.79 2875.90 
0.72 0.67 2882.41 
0.74 0.69 2886.85 
2.17 1.76 1587.95 
0.95 0.77 3051.78 
0.86 0.69 3027.90 
1.63 2.70 2166.82 
2.19 2.82 1232.60 
1.06 0.80 3031.21 
1.62 2.89 1759.47 
1.34 1.06 2126.15 
0.71 0.62 3065.79 
1.40 0.57 2799.32 
1.44 0.83 2939.70 
0.90 0.79 2997.04 
2.39 3.00 1338.38 
1.12 0.77 2970.20 
1.07 0.62 2945.59 
1.50 2.40 2125.96 
1.28 0.47 2638.47 
1.11 0.37 2677.80 
















































1192.78 2.11 1.44 
2521.95 1.23 1.00 
2210.59 1.26 1.12 
1268.31 1.84 1.57 
1226.51 2.47 1.46 
2447.82 1.28 1.03 
1088.47 2.06 1.88 
2294.88 2.04 1.14 
2595.20 1.25 0.96 
2519.03 1.32 0.97 
2552.22 1.25 0.99 
2371.43 1.29 1.11 
1250.33 2.66 1.41 
2818.33 1.29 1.17 
2579.34 1.27 0.95 
2542.44 1.98 1.47 
2842.61 1.44 0.92 
2192.66 1.36 1.11 
















































Bromus hordeaceus 0,58 
Bromus inermis 0,6 
Bromus sterilis 0,48 
Calamagrostis arundinacea 0,27 
Calamagrostis epigejos 0,37 
Callitriche palustris 0,34 
Calluna vulgaris 0,47 
Calystegia sepium 0,5 
Campanula glomerata 0,27 
Campanula persicifolia 0,34 
Campanula rapunculoides 0,46 
Capsella bursa-pastoris 0,48 
Cardamine amara 0,48 
Cardamine bulbifera 0,6 
Cardamine hirsuta 0,66 
Cardamine impatiens 0,48 
Cardaminopsis arenosa 0,39 
Carex acuta 0,24 
Carex acutiformis 0,36 
Carex atrata 0,66 
Carex capillaris 0,65 
Carex caryophyllea 0,32 
Carex digitata 0,34 
Carex ericetorum 0,46 
Carex flava 0,44 
Carex hirta 0,41 
Carex lasiocarpa 0,28 
Carex limosa 0,39 
Carex montana 0,21 
Carex muricata 0,58 
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1144.60 722.21 0.65 0.81 
1534.57 923.76 0.92 0.90 
1246.73 564.75 0.72 0.62 
1655.61 658.74 1.24 0.50 
1243.19 957.98 0.76 0.72 
1436.98 1062.98 0.99 0.70 
1962.94 1418.71 1.76 1.30 
1248.66 866.04 0.84 0.77 
1554.43 657.76 1.03 0.56 
1291.22 593.43 0.98 0.58 
1405.16 711.08 1.00 0.69 
1520.23 1240.35 1.13 1.20 
1835.21 978.24 1.26 0.73 
1132.93 1075.92 0.98 1.58 
1319.17 1088.48 0.84 1.03 
1331.35 766.65 0.94 0.98 
1578.90 1267.10 1.18 0.85 
1054.24 945.46 0.67 0.54 
918.82 532.98 0.66 0.44 
1557.20 1017.60 1.85 2.44 
1706.05 1333.34 2.08 2.24 
2022.00 528.37 1.74 0.65 
1512.53 940.48 1.26 0.83 
2265.57 1302.98 2.35 0.81 
1793.73 1388.73 1.25 1.83 
1275.36 595.15 0.83 0.52 
1119.03 1352.20 0.64 1.15 
1660.03 1216.35 1.14 1.19 
1624.46 389.88 1.27 0.64 
1197.02 1101.02 0.86 0.92 
2966.46 2598.74 1.25 
2898.07 2539.45 1.28 
3271.31 2937.63 1.09 
1954.93 2221.31 1.66 
3066.47 2114.09 1.25 
3008.62 2101.56 1.25 
2871.72 2303.99 1.38 
3173.60 2603.51 1.30 
3073.14 2186.09 1.29 
2980.82 2556.06 1.19 
2934.11 2497.95 1.24 
3020.60 2284.02 1.25 
2951.48 2341.68 1.30 
2987.18 2605.04 1.17 
3118.65 2726.46 1.27 
2984.96 2541.11 1.32 
2805.79 2332.01 1.35 
3085.79 2184.78 1.29 
3275.20 2911.76 1.34 
1390.74 1153.62 2.12 
1211.35 1449.45 2.58 
2970.10 2576.61 1.30 
2997.52 2245.25 1.39 
2747.85 2265.26 1.32 
3068.43 1889.41 1.30 
3003.56 2643.41 1.27 
3051.81 1924.16 1.27 
2735.88 1534.21 1.38 
3204.89 2555.15 1.34 
2960.22 2358.21 1.31 






































5 Carex pallescens 0,48 
6 Carex pauciflora 0,49 
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1775.55 1128.67 1.33 1.19 
1614.02 1359.65 1.18 1.35 
2896.78 2345.84 1.34 1.10 





































































0,63 1458.76 1108.66 
0,51 1215.01 728.95 
0,49 1772.49 1491.29 
0,38 1185.26 661.45 
0,09 1225.46 731.36 
0,34 1104.03 1143.98 
0,51 1659.53 1257.47 
0,44 1366.55 834.66 
0,43 1409.77 819.85 
0,47 1600.86 944.97 
0,25 1264.08 314.07 
0,47 1038.03 586.81 
0,39 1077.78 667.70 
0,41 1309.22 439.61 
0,47 1712.28 1047.00 
0,25 1089.13 544.68 
0,42 1176.19 1219.77 
0,37 1054.44 677.50 
0,39 1497.09 867.53 
0,43 1231.17 1005.10 
0,42 1119.90 696.97 
0,51 1690.56 999.26 
0,53 1460.54 1216.90 
0,32 1521.22 546.11 
0,55 1714.16 848.77 
0,27 1244.28 466.50 
0,5 1682.63 1323.47 
0,41 1596.82 1082.38 
0.87 1.08 3013.26 
0.96 0.78 3035.79 
1.18 1.16 2891.91 
0.82 0.59 3130.88 
0.80 0.39 3293.28 
0.80 0.72 3036.56 
1.43 1.18 2906.00 
0.79 0.60 3091.62 
0.89 0.68 3097.97 
0.95 0.64 2956.65 
0.96 0.43 3105.12 
0.72 0.65 3136.09 
0.75 0.62 2985.32 
0.68 0.59 2900.71 
0.96 0.76 2886.00 
0.80 0.47 3028.16 
0.84 0.69 3018.18 
0.73 0.61 3033.75 
1.12 0.68 2893.72 
1.48 2.04 1902.84 
0.78 0.57 3062.56 
0.93 0.61 3025.94 
1.23 1.05 1644.69 
1.10 0.39 2701.56 
1.00 0.70 2573.31 
1.06 0.46 3157.48 
1.86 2.33 1711.14 
















































2323.55 1.26 1.09 
2842.79 1.33 0.87 
2841.65 1.28 0.94 
2568.85 1.28 0.96 
2584.01 1.25 0.95 
2233.98 1.28 1.12 
2601.02 1.27 0.94 
2289.20 1.26 1.12 
2541.85 1.26 0.98 
2455.91 1.35 1.05 
1636.51 2.25 1.30 
2672.78 1.25 0.94 
2331.06 1.25 1.09 
2082.12 1.68 1.14 
2941.75 1.34 1.14 
2543.86 1.34 1.01 
2803.80 1.24 0.86 
1761.86 2.08 1.20 
















































Convolvulus arvensis 0,47 
Conyza canadensis 0,39 
Corallorhiza trifida 0,52 
Cornus sanguinea 0,36 
Corydalis cava 0,18 
Crepis biennis 0,44 
Crepis paludosa 0,45 
Danthonia decumbens 0,5 
Daphne mezereum 0,31 
Dianthus superbus 0,25 
Diphasiastrum alpinum 0,61 
Drosera anglica 0,33 
Drosera rotundifolia 0,51 
Dryas octopetala 0,49 
Dryopteris affinis 0,06 
Dryopteris carthusiana 0,36 
Dryopteris filix-mas 0,46 
Echium vulgare 0,43 
Eleocharis uniglumis 0,54 
Elymus caninus 0,58 
Elymus repens 0,51 
Epilobium alsinifolium 0,51 
Epilobium hirsutum 0,41 
Epilobium palustre 0,52 
Epilobium parviflorum 0,35 
Epilobium roseum 0,63 
Epipactis palustris 0,22 
Equisetum fluviatile 0,45 
Equisetum hyemale 0,42 
Equisetum sylvaticum 0,37 
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1102.13 767.36 0.84 0.66 
1158.30 684.40 0.85 0.57 
1323.33 1368.83 1.33 1.44 
1118.99 591.45 0.87 0.55 
1373.41 235.21 0.95 0.41 
1262.70 743.75 0.90 0.56 
1432.34 1249.75 1.44 1.19 
1708.51 706.20 1.03 0.82 
1636.46 1000.62 1.42 0.67 
1856.22 1437.05 1.46 0.61 
1902.85 1069.33 2.44 2.86 
1204.09 1300.51 0.76 1.76 
1426.52 1352.09 1.01 1.25 
1689.75 917.59 2.01 2.64 
1342.30 1301.15 0.92 1.76 
1591.15 1044.17 1.52 0.75 
1489.99 1195.39 1.33 1.36 
1475.93 715.58 0.96 0.69 
1175.57 1412.46 0.72 1.90 
1532.71 1384.16 1.14 1.52 
1336.73 1157.69 0.91 0.76 
1759.49 995.01 1.83 2.18 
1200.36 545.58 0.85 0.49 
1656.36 1315.67 1.13 0.75 
1295.71 481.97 0.87 0.45 
1190.12 764.14 0.82 0.78 
1313.47 587.86 0.79 0.39 
1312.21 1466.88 0.85 0.91 
1379.08 1500.73 0.95 1.21 
1373.73 1420.49 1.44 1.13 
3139.66 2674.23 1.18 
3016.46 2564.74 1.28 
1915.77 1842.64 1.86 
3086.84 2816.42 1.22 
3039.85 2873.72 1.25 
2979.00 2866.37 1.28 
1960.41 2266.80 2.24 
2817.99 2539.24 1.33 
2229.33 2289.41 1.73 
2871.87 1596.13 1.33 
1572.11 1084.58 2.14 
2992.56 1544.64 1.28 
2859.60 1901.45 1.35 
1475.95 1045.10 2.34 
2556.33 2547.86 1.48 
2602.14 2256.88 1.55 
2327.82 2413.10 1.77 
2979.68 2629.03 1.27 
3094.08 2678.15 1.26 
2561.17 2310.94 1.37 
2960.23 2471.08 1.32 
2095.84 1398.82 1.66 
3034.65 2869.37 1.26 
2905.85 2190.04 1.31 
2982.08 2885.13 1.30 
3011.75 2741.88 1.28 
3180.84 2738.86 1.30 
3003.21 2053.73 1.28 
3048.12 2373.03 1.30 
2615.48 2178.47 1.49 






































5 Erigeron uniflorus 0,6 
6 Eriophorum latifolium 0,4 
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1487.65 893.08 2.65 2.81 
1686.13 1027.80 1.31 1.25 
1040.42 962.54 3.10 1.80 





































































0,44 1261.88 633.33 
0,35 1087.55 545.32 
0,44 1169.53 684.70 
0,41 1148.36 904.55 
0,67 1298.95 954.91 
0,36 1331.72 678.48 
0,69 1290.84 909.02 
0,55 1593.83 969.59 
0,38 1515.07 967.06 
0,4 1210.62 950.37 
0,43 1244.12 685.45 
0,41 1638.35 1095.76 
0,45 1716.70 1073.67 
0,57 1649.46 1056.36 
0,45 1020.76 650.39 
0,11 1567.27 554.70 
0,51 1698.79 1322.09 
0,45 1550.49 943.17 
0,45 1444.51 1189.93 
0,4 1441.35 1326.02 
0,34 1686.47 663.87 
0,24 1160.60 296.68 
0,54 1071.45 820.82 
0,55 1693.17 1043.82 
0,56 1152.95 701.84 
0,5 1012.55 961.56 
0,57 1135.16 988.96 
0,4 1123.30 880.72 
0.87 0.79 3075.00 
0.81 0.55 3102.14 
0.81 0.72 3004.33 
0.82 0.78 3006.99 
1.21 1.63 2502.59 
0.81 0.37 3070.21 
0.81 0.89 2934.43 
1.04 0.75 2848.01 
1.39 0.94 2436.22 
0.83 0.76 3031.24 
0.83 0.73 2966.61 
0.94 0.70 2991.95 
1.08 0.73 2869.56 
1.28 1.03 2632.13 
0.59 0.67 3032.21 
1.23 0.33 2816.91 
1.05 1.11 3146.45 
1.23 0.82 2732.80 
0.86 0.77 3157.95 
0.93 0.80 3016.78 
1.24 0.65 3146.91 
0.76 0.37 2841.50 
0.85 0.74 3038.77 
2.67 2.76 1339.85 
0.74 0.86 3224.25 
1.79 2.98 1578.82 
0.74 0.88 2983.64 
















































2346.85 1.30 1.12 
2578.24 1.30 0.96 
2218.76 1.28 1.12 
2181.23 1.28 1.11 
2476.69 1.38 1.10 
2554.32 1.28 0.95 
2199.25 1.39 1.14 
2360.63 1.30 1.12 
2526.95 1.44 1.01 
2263.80 1.33 1.15 
2144.24 1.30 1.14 
2544.87 1.23 0.98 
2772.28 1.19 1.45 
2667.19 1.25 1.09 
1065.47 2.52 1.75 
2637.19 1.36 1.38 
1184.49 2.70 2.09 
2714.48 1.29 0.96 
















































Geranium sylvaticum 0,35 
Glechoma hederacea 0,55 
Glyceria fluitans 0,55 
Glyceria plicata 0,26 
Goodyera repens 0,31 
Gymnocarpium dryopteris 0,4 
Hedera helix 0,45 
Herminium monorchis 0,31 
Hieracium alpinum 0,58 
Hieracium murorum 0,64 
Hieracium peleteranum 0,59 
Hieracium umbellatum 0,57 
Holcus mollis 0,64 
Humulus lupulus 0,48 
Hypericum hirsutum 0,43 
Hypericum maculatum 0,42 
Hypericum perforatum 0,51 
Hypericum tetrapterum 0,27 
Hypochoeris radicata 0,73 
Impatiens glandulifera 0,34 
Impatiens noli-tangere 0,47 
Impatiens parviflora 0,47 
Inula conyza 0,23 
Inula salicina 0,3 
Iris pseudacorus 0,4 
Juncus bufonius 0,45 
Juncus compressus 0,5 
Juncus conglomeratus 0,51 
Juncus effusus 0,45 
Juncus filiformis 0,61 
Global Ecology and Biogeography 
1388.39 1417.84 1.60 1.51 
1417.51 951.36 0.76 0.62 
1292.45 972.70 0.77 0.81 
1700.31 544.96 0.93 0.41 
1372.50 892.57 1.07 0.64 
1414.25 1289.78 1.40 1.25 
1117.53 579.64 0.92 0.81 
1285.17 1077.60 0.71 0.64 
1448.66 957.44 1.90 2.73 
1685.42 1533.90 1.55 2.32 
1910.41 1505.82 1.36 2.21 
1067.81 785.81 0.75 0.96 
1429.78 828.92 0.77 0.99 
1241.33 1035.82 0.88 0.75 
1083.54 1547.60 0.86 2.26 
1722.37 1005.75 1.65 0.90 
1459.69 770.63 1.07 0.76 
1003.00 267.57 0.67 0.32 
1266.39 958.63 0.91 1.12 
1047.05 875.72 0.65 0.69 
1210.46 965.36 1.01 0.98 
1216.86 641.13 0.91 0.70 
1246.62 497.47 1.04 0.40 
1081.76 614.11 0.74 0.50 
1015.32 859.25 0.73 0.56 
1024.98 1256.74 0.66 1.12 
1151.87 820.62 0.83 0.65 
1083.93 1070.76 0.64 0.99 
1458.16 756.81 1.16 0.69 
1740.32 1688.70 1.43 1.81 
1900.81 2277.20 2.09 
3000.93 2529.65 1.24 
2973.83 2403.02 1.27 
2928.63 3009.62 1.25 
2631.81 2129.02 1.43 
2154.87 2170.93 1.85 
3153.85 2769.31 1.35 
2447.35 2750.82 1.53 
1262.79 1022.15 2.41 
2103.48 2410.50 1.94 
2926.76 2403.86 1.36 
2963.92 2566.39 1.30 
3033.92 2671.86 1.22 
3126.43 2523.65 1.29 
2857.20 2757.80 1.34 
2837.42 2294.09 1.37 
3016.51 2577.44 1.27 
3038.66 3010.29 1.28 
3009.16 2800.49 1.27 
3072.14 2496.01 1.26 
2903.33 2322.62 1.35 
3089.16 2699.12 1.24 
3313.59 2849.16 1.22 
3225.02 2654.43 1.33 
3102.24 2587.30 1.28 
2991.27 2387.79 1.28 
2997.07 2564.85 1.28 
3051.36 2440.09 1.27 
3027.53 2516.40 1.30 
2716.76 2205.00 1.39 






































5 Juncus tenuis 0,5 
6 Juncus trifidus 0,55 
Global Ecology and Biogeography 
1192.41 631.73 0.76 0.92 
1253.65 965.99 2.09 2.80 
3070.43 2581.57 1.28 1.16 





































































0,49 1888.17 1461.34 
0,59 1231.55 958.75 
0,26 1507.74 481.97 
0,47 1690.54 699.47 
0,48 1484.12 770.53 
0,49 1217.08 883.18 
0,12 1520.65 398.40 
0,35 1161.82 482.93 
0,44 1191.01 841.16 
0,39 1510.10 913.88 
0,53 1823.85 1453.92 
0,35 1160.19 527.12 
0,48 1110.17 1041.05 
0,24 1013.63 645.44 
0,45 1336.05 1262.88 
0,65 1342.80 1098.68 
0,57 1325.63 1030.48 
0,22 1328.52 706.91 
0,34 1040.99 251.99 
0,42 1788.88 883.47 
0,52 2083.86 1504.89 
0,44 1581.33 1302.99 
0,53 1270.85 938.24 
0,58 1406.43 1347.95 
0,53 1276.16 875.59 
0,45 1494.02 1391.31 
0,63 1719.61 1608.05 
0,53 1063.80 757.23 
1.81 1.39 1994.89 
2.52 2.86 1041.37 
1.27 0.54 3256.15 
0.96 0.63 2878.93 
0.87 0.65 2915.15 
0.89 0.89 3026.49 
1.46 0.27 2053.38 
0.66 0.65 3013.23 
0.96 0.75 3041.54 
1.17 1.04 2718.64 
1.59 1.31 2883.68 
0.93 0.65 3190.00 
0.75 0.81 3033.91 
0.77 0.41 3184.81 
1.61 1.71 2139.08 
2.14 2.62 1204.33 
0.78 0.78 3079.23 
1.08 0.50 2863.06 
0.57 0.46 2977.18 
1.29 0.75 1582.79 
1.73 1.70 3021.70 
1.10 1.05 2743.44 
2.37 2.84 1038.84 
1.51 2.03 2082.45 
0.80 0.76 3014.60 
1.39 1.16 2073.56 
1.34 1.80 2802.79 
















































2364.84 1.40 1.08 
2240.00 1.32 1.16 
2705.31 1.22 0.92 
2424.96 1.27 1.09 
2903.16 1.25 1.11 
1687.39 1.84 1.23 
1118.73 2.64 1.59 
2601.31 1.25 1.39 
2537.62 1.33 0.96 
2814.77 1.30 1.29 
2559.11 1.92 1.03 
2361.71 1.33 1.11 
2242.66 1.42 1.13 
1050.08 3.09 1.63 
1874.56 1.95 2.64 
2480.59 1.29 1.12 
1933.03 1.78 1.15 
2392.39 1.40 1.22 
















































Lysimachia nemorum 0,52 
Lysimachia nummularia 0,47 
Lythrum salicaria 0,39 
Maianthemum bifolium 0,35 
Medicago lupulina 0,42 
Medicago sativa 0,53 
Melampyrum sylvaticum 0,37 
Melica nutans 0,44 
Melilotus alba 0,52 
Melilotus officinalis 0,52 
Mentha arvensis 0,49 
Menyanthes trifoliata 0,4 
Milium effusum 0,49 
Moehringia trinervia 0,41 
Moneses uniflora 0,35 
Monotropa hypopitys 0,4 
Mycelis muralis 0,47 
Myosotis arvensis 0,41 
Myosotis scorpioides 0,45 
Myosoton aquaticum 0,32 
Neottia nidus-avis 0,33 
Omalotheca supina 0,64 
Onobrychis viciifolia 0,32 
Orchis morio 0,13 
Orchis ustulata 0,11 
Oreopteris limbosperma 0,55 
Orthilia secunda 0,37 
Oxalis acetosella 0,37 
Papaver rhoeas 0,54 
Paris quadrifolia 0,3 
Global Ecology and Biogeography 
1274.40 1164.54 1.36 1.93 
1305.85 762.47 0.89 0.59 
1122.21 798.10 0.78 0.60 
1414.09 1106.22 1.40 0.80 
1385.36 618.54 1.03 0.60 
1145.61 837.66 0.83 0.76 
1395.69 1210.35 1.56 1.16 
1521.05 1193.10 1.20 1.14 
1265.53 923.02 0.81 0.80 
1248.11 939.93 0.89 0.81 
1305.87 825.05 0.70 0.68 
1398.01 1382.50 0.91 1.20 
1761.53 1437.70 1.39 1.30 
1351.71 737.63 1.18 0.88 
1603.20 1058.26 1.15 0.94 
1328.73 726.07 1.12 0.68 
1358.56 785.63 1.18 0.86 
1346.48 1127.89 0.97 0.97 
1417.63 866.24 1.04 0.67 
1050.56 860.69 0.70 0.42 
1358.82 709.46 1.17 0.71 
1483.58 1101.43 2.68 3.02 
1705.19 626.01 1.25 0.40 
1138.82 264.02 0.67 0.33 
1521.84 206.82 1.03 0.28 
1495.12 1548.89 1.47 2.58 
1604.13 1143.96 1.45 0.82 
1507.77 1084.41 1.38 1.06 
1088.33 783.66 0.85 0.80 
1392.01 1142.62 1.24 0.90 
2194.55 2782.32 1.99 
3046.31 2539.74 1.28 
3194.00 2555.52 1.32 
2243.57 2224.39 1.83 
3020.44 2555.34 1.24 
2975.33 2597.03 1.28 
1971.82 2192.84 1.99 
2861.72 2271.39 1.28 
2998.80 2484.99 1.25 
3020.86 2527.95 1.26 
2981.54 2309.86 1.26 
3003.63 2187.02 1.31 
2568.32 2186.83 1.46 
2762.31 2287.57 1.39 
2273.35 1719.89 1.62 
2705.11 2344.83 1.39 
2782.46 2513.22 1.36 
3070.51 2372.35 1.26 
3057.49 2547.99 1.30 
3016.32 2335.07 1.27 
2512.77 2487.02 1.52 
1054.25 1076.15 3.10 
2835.97 2797.71 1.18 
3129.65 2841.96 1.36 
2638.37 2839.14 1.44 
2025.73 1699.25 2.07 
2589.89 2203.82 1.45 
2147.19 2250.09 1.95 
3099.67 2700.82 1.23 
2466.06 2254.76 1.63 






































5 Parnassia palustris 0,44 
6 Pastinaca sativa 0,37 
Global Ecology and Biogeography 
2080.13 1365.37 1.90 1.86 
1183.33 656.11 0.80 0.54 
2932.05 1485.60 1.33 1.22 





































































0,36 1584.45 1199.01 
0,56 1239.82 1272.26 
0,52 1533.00 1470.47 
0,5 1543.45 1067.67 
0,23 2029.33 525.45 
0,49 1570.09 1169.83 
0,42 1249.30 1121.32 
0,29 1626.21 854.34 
0,39 1491.09 916.08 
0,48 1684.98 1552.97 
0,53 1496.84 1274.17 
0,3 1623.17 1014.57 
0,32 1532.78 844.28 
0,54 1361.90 779.04 
0,57 1722.38 1325.89 
0,14 1805.45 345.41 
0,55 1727.32 1277.62 
0,42 1301.10 590.72 
0,31 1186.55 967.32 
0,4 1463.56 1280.14 
0,51 1529.07 767.34 
0,41 1307.54 636.32 
0,39 1413.82 848.04 
0,48 1221.20 1410.65 
0,51 1000.10 816.16 
0,49 1310.14 1154.58 
0,46 1079.59 736.47 
0,64 1034.06 916.13 
0.99 0.95 2845.44 
0.68 0.93 3026.91 
1.23 2.01 2169.81 
1.93 2.27 1482.15 
1.64 0.37 2873.97 
0.93 0.92 3148.57 
0.71 0.63 3161.33 
1.16 0.43 2973.51 
1.12 0.79 2942.73 
1.36 2.20 2951.28 
1.20 1.04 2747.46 
1.27 0.61 2990.72 
1.16 0.72 2955.26 
0.90 0.81 2730.25 
2.37 2.50 1474.52 
1.06 0.27 3060.66 
1.15 1.03 2884.21 
0.79 0.66 3026.25 
0.77 0.60 3202.05 
0.94 0.73 2955.38 
1.14 0.91 2955.29 
1.00 0.66 3125.76 
0.96 0.78 2915.39 
1.22 2.04 2168.59 
0.70 0.63 3036.11 
0.96 0.80 3025.12 
0.73 0.72 3031.21 
















































1552.62 1.32 1.30 
2505.45 1.37 1.10 
2508.91 1.26 0.97 
2470.19 1.34 1.00 
2463.05 1.40 1.11 
1314.73 2.17 1.41 
2209.26 1.23 1.12 
2289.21 1.26 1.14 
2520.55 1.23 0.99 
2176.83 1.26 1.10 
2475.28 1.31 1.02 
2549.14 1.29 1.01 
2791.08 1.34 1.16 
2289.72 1.26 1.12 
1807.00 1.98 1.31 
2570.68 1.25 0.97 
2466.48 1.27 1.08 
2501.40 1.26 0.99 
















































Polystichum lonchitis 0,55 
Potamogeton berchtoldii 0,44 
Potamogeton natans 0,54 
Potentilla anserina 0,61 
Potentilla erecta 0,47 
Potentilla palustris 0,37 
Potentilla reptans 0,31 
Potentilla tabernaemontani 0,6 
Primula veris 0,28 
Primula vulgaris 0,43 
Prunella grandiflora 0,13 
Prunella vulgaris 0,56 
Prunus spinosa 0,34 
Pseudorchis albida 0,53 
Pulmonaria officinalis 0,4 
Pulsatilla vernalis 0,23 
Ranunculus bulbosus 0,3 
Ranunculus circinatus 0,46 
Ranunculus ficaria 0,55 
Ranunculus flammula 0,49 
Ranunculus platanifolius 0,42 
Ranunculus polyanthemos 0,17 
Ranunculus repens 0,43 
Ranunculus reptans 0,52 
Reseda lutea 0,5 
Rhamnus catharticus 0,31 
Rhinanthus minor 0,47 
Rhodiola rosea 0,47 
Rhynchospora alba 0,43 
Ribes alpinum 0,25 
Global Ecology and Biogeography 
1430.71 1384.30 1.63 2.52 
1381.13 1217.82 0.97 0.65 
1614.01 1130.43 1.17 0.80 
1246.08 943.41 0.86 0.84 
1799.55 1391.06 1.73 1.33 
1442.86 1287.16 0.90 0.84 
1334.78 603.58 0.88 0.40 
1380.77 1024.57 1.01 1.25 
1676.71 558.20 1.21 0.55 
1282.34 1479.68 0.95 2.40 
1673.38 346.99 1.22 0.30 
1826.86 1143.48 1.29 0.94 
1350.66 440.58 0.97 0.56 
1588.78 1382.36 1.65 2.61 
1465.92 564.03 1.07 0.59 
1409.56 1626.17 2.67 0.99 
1310.95 520.27 0.98 0.50 
1683.00 1373.60 1.24 0.73 
1157.20 726.71 0.79 0.81 
1198.42 1266.52 0.77 0.91 
1303.44 1238.46 1.35 2.61 
1162.46 623.44 0.72 0.42 
1595.85 1206.77 1.28 0.74 
1229.74 1312.94 0.82 0.99 
1186.00 763.70 0.78 0.82 
1216.58 499.57 0.96 0.40 
1453.17 1492.91 1.10 1.64 
1346.31 1101.40 1.53 2.71 
1082.16 971.59 0.66 0.94 
1360.33 660.57 1.21 0.45 
1688.65 1311.85 2.32 
2873.74 2212.17 1.32 
2912.75 2203.94 1.32 
2992.31 2523.90 1.29 
1804.40 2315.52 2.12 
2962.96 2330.37 1.31 
3051.22 2615.01 1.27 
2954.38 2616.33 1.26 
3108.74 2536.46 1.29 
3364.43 2467.44 1.06 
2925.28 2843.02 1.30 
2439.01 2277.24 1.41 
2950.86 2622.81 1.21 
1778.50 1130.60 1.91 
3004.75 2789.91 1.30 
1086.72 2318.27 3.17 
3190.64 2606.73 1.16 
2972.60 2598.24 1.31 
3039.36 2597.77 1.29 
3028.46 2517.37 1.30 
2000.64 1383.24 2.16 
3006.12 2550.93 1.28 
2954.87 2310.16 1.30 
3045.28 2479.18 1.30 
3172.61 2626.28 1.26 
3041.66 2516.73 1.39 
2925.51 2162.71 1.29 
1212.13 1032.73 2.56 
2917.83 2423.31 1.32 
2476.19 2545.77 1.50 






































5 Ribes uva-crispa 0,48 
6 Rorippa palustris 0,37 
Global Ecology and Biogeography 
1320.24 728.68 0.85 0.68 
1092.32 1114.62 0.60 0.64 
2983.60 2503.35 1.26 1.03 





































































0,39 1024.89 1097.62 
0,43 1490.83 581.09 
0,29 1366.50 637.52 
0,42 1168.16 425.27 
0,38 1443.80 1082.62 
0,43 1438.56 1331.53 
0,54 1180.66 748.59 
0,61 1334.23 784.32 
0,53 1511.61 1036.15 
0,43 1285.82 1070.08 
0,52 1326.59 982.21 
0,6 1229.29 986.03 
0,49 1770.79 1358.56 
0,45 1668.28 681.33 
0,52 1172.77 1064.13 
0,62 1352.62 918.36 
0,32 1354.29 728.83 
0,48 1335.60 928.16 
0,58 1891.25 1068.64 
0,65 1576.02 1098.72 
0,65 1804.84 1241.94 
0,45 929.40 964.02 
0,4 1273.31 766.30 
0,34 1167.23 517.42 
0,57 1282.59 938.22 
0,48 1680.15 1030.28 
0,2 1457.72 414.34 
0,42 1820.90 1060.86 
0.66 1.02 3048.22 
0.96 0.67 3042.41 
1.01 0.45 3164.98 
0.90 0.59 3033.79 
1.40 0.86 2173.90 
1.42 1.38 2581.73 
0.77 0.69 3006.20 
0.97 0.86 2903.62 
0.93 0.96 2947.89 
0.88 0.56 3008.74 
1.79 2.14 1384.55 
2.40 2.99 984.05 
1.10 1.09 2713.61 
0.98 0.59 2977.85 
0.72 0.90 3001.90 
2.20 2.84 1014.48 
1.28 0.68 2428.21 
1.25 1.39 2263.93 
2.06 2.49 1738.38 
2.78 2.73 1055.60 
2.19 2.92 1344.24 
0.69 0.83 2951.91 
0.87 0.66 3002.56 
0.63 0.71 3020.85 
0.97 0.98 2915.67 
1.31 0.82 2465.95 
1.03 0.39 3008.27 
















































2377.83 1.27 1.06 
1359.70 2.07 1.26 
1017.66 2.89 1.68 
2274.32 1.33 1.13 
2563.86 1.23 0.97 
2498.25 1.24 1.09 
1051.10 2.79 1.77 
2270.76 1.60 1.12 
2574.00 1.87 1.01 
1183.21 1.69 1.66 
1008.17 3.11 1.93 
1103.71 2.28 1.78 
2487.72 1.29 1.04 
2285.56 1.28 1.10 
2480.18 1.29 0.99 
2491.00 1.32 1.12 
2653.42 1.40 0.94 
2628.96 1.28 0.93 
















































Selinum carvifolia 0,31 
Senecio aquaticus 0,64 
Senecio jacobaea 0,7 
Senecio sylvaticus 0,49 
Senecio viscosus 0,42 
Senecio vulgaris 0,54 
Serratula tinctoria 0,15 
Sibbaldia procumbens 0,59 
Silene dioica 0,45 
Silene latifolia 0,49 
Silene rupestris 0,17 
Sinapis arvensis 0,49 
Solanum dulcamara 0,47 
Solidago canadensis 0,45 
Sonchus oleraceus 0,43 
Sparganium erectum 0,53 
Stachys sylvatica 0,59 
Stellaria graminea 0,52 
Stellaria media 0,54 
Stellaria uliginosa 0,62 
Symphytum officinale 0,43 
Tragopogon pratensis 0,21 
Trisetum spicatum 0,62 
Typha latifolia 0,36 
Vaccinium myrtillus 0,36 
Vaccinium uliginosum 0,3 
Vaccinium vitis-idaea 0,34 
Valeriana officinalis 0,19 
Veronica alpina 0,63 
Veronica fruticans 0,64 
Global Ecology and Biogeography 
983.27 532.79 0.61 0.55 
1069.23 635.51 0.57 0.72 
1152.94 834.87 0.70 0.84 
1484.79 621.60 0.87 0.71 
1858.88 687.99 1.22 0.68 
1683.64 875.49 0.92 0.83 
1004.85 415.48 0.69 0.33 
1183.97 961.35 2.44 2.91 
1529.97 1533.25 1.48 1.84 
1185.56 1057.29 0.81 0.82 
1697.55 602.92 2.17 0.60 
1094.48 969.16 0.66 0.98 
1277.07 896.65 0.93 0.56 
1103.46 590.94 0.70 0.77 
1127.67 797.96 0.74 0.64 
1031.18 752.32 0.61 0.67 
1332.91 1077.65 1.03 1.37 
1580.03 1326.43 1.16 1.29 
1327.56 1366.10 0.91 1.32 
1245.63 1178.85 0.74 1.02 
1150.27 881.69 0.75 0.68 
2048.72 627.89 1.73 0.50 
1192.42 828.54 2.48 2.37 
963.87 824.87 0.68 0.52 
1476.11 1379.12 1.56 1.35 
1424.01 1515.66 2.00 1.38 
1345.01 1342.20 1.68 1.18 
1803.03 726.25 1.29 0.45 
1151.28 1008.12 2.48 2.72 
1533.83 1077.75 2.51 2.86 
3249.53 2585.80 1.35 
2646.13 2814.67 1.38 
2723.12 2788.59 1.38 
2849.50 2517.64 1.27 
2856.04 2337.45 1.28 
2950.76 2471.58 1.27 
3251.95 2586.19 1.35 
1075.04 1031.47 3.09 
2859.10 2084.39 1.37 
3024.37 2555.76 1.25 
1548.72 2240.44 2.25 
3068.66 2565.90 1.27 
2985.27 2578.36 1.31 
3120.70 2545.36 1.28 
3007.04 2534.53 1.29 
3044.37 2569.32 1.25 
2876.68 2501.50 1.29 
2998.18 2313.79 1.29 
2992.13 2390.83 1.30 
3011.07 2555.56 1.31 
3164.50 2354.42 1.29 
3207.91 2530.08 1.12 
762.55 925.14 3.11 
3231.56 2552.87 1.26 
1967.28 2206.44 2.07 
1598.97 1991.39 2.37 
1540.40 2134.30 2.07 
3261.64 2254.98 1.36 
1076.98 1042.10 3.03 
1465.97 1071.79 2.33 






































5 Viburnum opulus 0,37 
6 Vicia hirsuta 0,38 
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1154.76 861.05 0.85 0.84 
1052.46 731.14 0.77 0.55 
3192.66 2470.49 1.31 1.06 
























































0,46 1219.58 682.33 
0,43 1504.73 1044.49 
0,48 1484.59 1062.65 
0,4 1136.65 607.39 
0,11 1391.13 336.08 
0,31 1050.04 720.05 
0,4 1302.41 937.92 
0,53 1513.81 1437.27 
0,35 1362.94 1181.78 
0,2 1286.63 508.03 
0,37 1567.48 1194.43 
0,28 1188.05 506.41 
0,54 1747.78 1402.92 
0,46 1559.29 1095.29 
0,6 1284.16 1144.26 
0.88 0.61 3117.98 
1.31 1.08 2929.55 
1.29 1.37 2537.08 
0.80 0.77 3044.44 
1.09 0.21 2801.72 
0.75 0.59 3046.07 
1.49 2.16 1888.58 
0.98 1.41 3090.02 
0.90 0.73 2980.99 
0.89 0.35 3222.36 
1.25 0.93 3058.66 
0.90 0.48 3143.11 
1.27 1.32 2690.35 
1.03 1.50 3108.00 
















































2606.91 1.32 0.93 
2331.80 1.32 1.11 
2570.35 1.31 0.95 
2352.63 1.41 1.13 
2282.00 1.33 1.15 
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Appendix S11 Supplementary analyses on the link between the observed niche overlap 
computed across the overall climatic space and plant traits. 
Model outputs linking the observed niche overlap (Dobs) computed across the overall climatic space 
(analogue  and  non-analogue  climates)  to  life-history  traits  related  to  plant 
biogeography, ecology, and biology. Results are displayed separately for: (i) the ”disjunct” 
(i.e. species that have spatially disjunt populations restricted to mountainous areas or Arctic- 
alpine tundra and which distribution does not extend outside the study area, e.g. southward 
from the Alps or westward from Fennoscandia) (n = 31); and (ii) the “widespread” (i.e. 
species that have either a contiguous distribution between the Alps and Fennoscandia or a  
disjunct distribution but not restricted to mountainous areas or Arctic-alpine tundra and 
extending outside the study area) (n = 358) species groups. 
1. Plant biogeography 
1.1: Disjunct group (n = 31) 
Type of model: Ordinary Least-Square regression 
Dependent variable: “D_full”, Dobs based on analogue and non-analogue climates Independent 
variable: “chorologie”, a factor variable representing species’ biogeographic origins (levels:  
Arctic-alpine,  Asia,  Eurasia,  Europe,  Holarctic,  Mediterranean,  North 
America) (Landolt et al., 2010) with the intercept coefficient representing the mean value of Dobs
for the Arctic-alpine species group. 
Call: 
lm(formula = D_full ~ chorologie, data = species_traits) 
Coefficients: 














29.149 < 2e-16 *** 
-5.023 2.87e-05 ***  
-0.430  0.6710 
-2.424 0.0223 *  
55 Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
56 Residual standard error: 0.07971 on 27 degrees of freedom 
57 Multiple R-squared: 0.5015,    Adjusted R-squared: 0.4461 
58 F-statistic: 9.055 on 3 and 27 DF, p-value: 0.0002581 
59  
60  
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Tukey HSD post-hoc test with significant p-values displayed in red: 
Tukey multiple comparisons of means 
95% family-wise confidence level 
factor levels have been ordered 
Fit: aov(formula = D_full ~ chorologie, data = species_traits) 
$chorologie 
diff lwr upr p adj 















1.2: Widespread group (n = 358) 
0.14188633 -0.09130506 0.3750777 0.3610543 
0.17701210 0.08056762 0.2734566 0.0001600 
0.07117398 -0.17270341 0.3150514 0.8544102 
0.10629976 -0.01369815 0.2262977 0.0963742 


















Type of model: Ordinary Least-Square regression; 
Dependent variable: “D_ full”, Dobs based on analogue climates and non-analogue climates; 
Independent variable: “chorologie”, a factor variable representing species’ biogeographic 
origins (levels:  Arctic-alpine,  Asia,  Eurasia,  Europe,  Holarctic,  Mediterranean,  North 
America) (Landolt et al., 2010) with the intercept coefficient representing the mean value of Dobs
for the Arctic-alpine species group. 
Call: 
lm(formula = D_full ~ chorologie, data = species_traits) 
Coefficients: 
Estimate     Std. Error t value Pr(>t)  





















chorologieAsia -0.13815 0.08564 -1.613 0.10762 
chorologieEurasia -0.14393 0.03449 -4.173 3.8e-05 *** 
chorologieEurope -0.11846 0.03717 -3.187 0.00157 ** 
chorologieHolarctic -0.09501 0.03654 -2.600 0.00971 ** 
chorologieMediterranean -0.10417 0.03945 -2.640 0.00865 ** 
chorologieNorth America -0.08905 0.06009 -1.482 0.13924 
--- 
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 0.1114 on 351 degrees of freedom  
Multiple R-squared: 0.06827,   Adjusted R-squared: 0.05235  
F-statistic: 4.287 on 6 and 351 DF,   p-value: 0.0003471 
Tukey HSD post-hoc test with significant p-values displayed in red: 
Tukey multiple comparisons of means 
95% family-wise confidence level 
factor levels have been ordered 
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diff lwr upr p adj 
0.005785226 -0.2289883078 0.24055876 1.0000000 
0.025478934 -0.0271334372 0.07809130 0.7818385 
0.039766508 -0.0258413777 0.10537439 0.5506486 
0.048923325 0.0003470656 0.09749959 0.0470867 
0.054880779 -0.0946908492 0.20445241 0.9313634 
0.143934117 0.0416419186 0.24622631 0.0007464 
0.019693707 -0.2186462110 0.25803363 0.9999819 
0.033981282 -0.2075601221 0.27552269 0.9995912 
0.043138099 -0.1943434963 0.28061969 0.9982423 
0.049095553 -0.2273271796 0.32551829 0.9984515 
0.138148890 -0.1158226610 0.39212044 0.6739716 
0.014287574 -0.0631184920 0.09169364 0.9980767 
0.023444392 -0.0401713097 0.08706009 0.9299728 
0.029401846 -0.1257077171 0.18451141 0.9977674 
0.118455183 0.0082236166 0.22868675 0.0260271 












































Mediterranean-North America 0.015114271 -0.1448710705 0.17509961 0.9999601 
Arctic-alpine-Mediterranean 0.104167609 -0.0128252602 0.22116048 0.1172021  
Holarctic-North America  0.005957454 -0.1478299575 0.15974487 0.9999998 
Arctic-alpine-Holarctic 0.095010791 -0.0133524390 0.20337402 0.1290505 
Arctic-alpine-North America 0.089053337 -0.0891448914 0.26725157 0.7554587 
2. Plant ecology 
2.1: Disjunct group (n = 22) 
Type of model: Ordinary Least-Square regression; 
Dependent variable: “D_full”, Dobs based on analogue and non-analogue climates; Independent 
variables: “T + K + F + R + N + L”, six semi-quantitative Ellenberg indicator values for 
temperature (T), climatic continentality (K), soil humidity (F), soil acidity (R), soil nutrient (N), and 
light availability (L) (Ellenberg et al., 1991). 
Call: 
lm(formula = D_full ~ T + K + F + R + N + L, data = species_traits) 
Coefficients: 
Estimate Std. Error t value Pr(>t) 
(Intercept) 0.586808 0.237191 2.474 0.0258 * 
T -0.069609 0.030066 -2.315 0.0352 * 
K 0.015736 0.012504 1.258 0.2275 
F 0.028791 0.011907 2.418 0.0288 * 
R 0.002137 0.010766 0.198 0.8454 
N -0.020296 0.013957 -1.454 0.1665 
L -0.014177 0.018384 -0.771 0.4526 
--- 
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 0.07715 on 15 degrees of freedom 
9 observations deleted due to missingness 
Multiple R-squared: 0.5283,    Adjusted R-squared: 0.3396 
F-statistic: 2.8 on 6 and 15 DF, p-value: 0.04948 
2.2: Widespread group (n = 127)  
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Type of model: Ordinary Least-Square regression; 
Dependent variable: “D_ full”, Dobs based on analogue and non-analogue climates; Independent 
variables: “T + K + F + R + N + L”, six semi-quantitative Ellenberg indicator values for 
temperature (T), climatic continentality (K), soil humidity (F), soil acidity (R), soil nutrient (N), and 
light availability (L) (Ellenberg et al., 1991). 
Call: 
lm(formula = D_full ~ T + K + F + R + N + L, data = species_traits) 
Coefficients: 
















0.083336 4.395 2.40e-05 *** 
0.014461 0.555  0.580170 
0.009001 -0.439  0.661435 
0.005702 0.405  0.686411 
0.007335 -4.059 8.83e-05 *** 
0.005800 3.463 0.000742 *** 





































Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 0.1179 on 120 degrees of freedom 
231 observations deleted due to missingness 
Multiple R-squared: 0.2099,    Adjusted R-squared: 0.1704 
F-statistic: 5.314 on 6 and 120 DF, p-value: 6.827e-05 
3. Plant biology 
3.1: Disjunct group (n = 8) 
Type of model: Ordinary Least-Square regression; 
Dependent variable: “D_full”, Dobs based on analogue and non-analogue climates; Independent 
variables: “log(height) + SLA + log(diasp_mass) + LF”, three quantitative
variables related to plant growth (height), photosynthetic performances (SLA), and dispersal 
abilities (diasp_mass) (Grime et al., 2007; Kleyer et al., 2008) as well as one factor variable related 
to Raunkiaer's plant life-forms (levels: chamaephytes, geophytes, hemicryptophytes, hydrophytes, 
nanophaneorophyte, therophytes) (Raunkiær 1907) with the intercept coefficient representing the 
mean value of Dobs for chamaephytes. 
Call: 
lm(formula = D_full ~ log(height) + SLA + log(diasp_mass) + LF, data = 
species_traits) 
Coefficients: 
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7.612e-01 1.363e-01 5.585 
7.817e-02 3.505e-02 2.230 
-8.953e-05 2.768e-03 -0.032 
2.360e-02 2.053e-02 1.150 
-3.582e-01 7.133e-02 -5.021 
9.872e-03 1.026e-01 0.096 



























































Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
Residual standard error: 0.03431 on 2 degrees of freedom 
23 observations deleted due to missingness 
Multiple R-squared: 0.9809,    Adjusted R-squared: 0.9331 
F-statistic: 20.54 on 5 and 2 DF, p-value: 0.04707 
3.2: Widespread group (n = 154) 
Type of model: Ordinary Least-Square regression; 
Dependent variable: “D_full”, Dobs based on analogue climates and non-analogue climates; 
Independent variables: “log(height) + SLA + log(diasp_mass) + LF”, three quantitative
variables related to plant growth (height), photosynthetic performances (SLA), and dispersal 
abilities (diasp_mass) (Grime et al., 2007; Kleyer et al., 2008) as well as one qualitative 
variable  related  to  Raunkiaer's  plant  life-forms (levels:  chamaephytes,  geophytes, 
hemicryptophytes, hydrophytes, nanophaneorophyte, therophytes) (Raunkiær, 1907) with the 
intercept coefficient representing the mean value of Dobs for chamaephytes. 
Call: 
lm(formula = D_full ~ log(height) + SLA + log(diasp_mass) + lF, data = 
species_traits) 
Coefficients: 
Estimate Std. Error t value Pr(>t) 
(Intercept) 0.3585717 0.0354449 10.116 <2e-16 *** 
log(height) -0.0003361 0.0107591 -0.031 0.975 
SLA 0.0011027 0.0008483 1.300 0.196 
log(diasp_mass) -0.0046576 0.0037965 -1.227 0.222 
LFgeophyte 0.0432492 0.0378975 1.141 0.256 
LFhemicryptophyte 0.0130183 0.0341171 0.382 0.703 
LFhydrophyte 0.1273657 0.1115077 1.142 0.255 
LFnanophanerophyte 0.0078757 0.0527400 0.149 0.882 
LFtherophyte 0.0489765 0.0397842 1.231 0.220 
--- 
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 0.1049 on 145 degrees of freedom 
204 observations deleted due to missingness 
Multiple R-squared: 0.07161,   Adjusted R-squared: 0.02039 
F-statistic: 1.398 on 8 and 145 DF, p-value: 0.202 
Software used  
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All computations were conducted in R v. 3.0.0 (R Core Team, 2013) using the ‘raster’, 
‘rgdal’, ‘maptools ‘rgeos’, ‘rgbif’, ‘car’, ‘ade4’, ‘adehabitat’, ‘fBasics’, ‘rgl’, ‘ggplot2’,
‘lattice’, ‘gridExtra’ and ‘PresenceAbsence’ packages for spatial data management and
statistical modelling as well as scripts written by ourselves and modified from Broennimann et al.
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Appendix S12 Supplementary analyses on the link between the observed niche overlap 
computed across the analogue climatic space and plant traits. 
Model outputs linking the observed niche overlap (Dobs) computed across the analogue  
climatic space solely to life-history traits related to plant biogeography, ecology, and biology.  
Results are displayed separately for: (i) the ”disjunct” (i.e. species that have spatially disjunt 
populations restricted to mountainous areas or Arctic-alpine tundra and which distribution  
does not extend outside the study area, e.g. southward from the Alps or westward from  
Fennoscandia) (n = 31); and (ii) the “widespread” (i.e. species that have either a contiguous 
distribution between the Alps and Fennoscandia or a disjunct distribution but not restricted to  
mountainous areas or Arctic-alpine tundra and extending outside the study area) (n = 358)  
species groups. 
1. Plant biogeography 
1.1: Disjunct group (n = 31) 
Type of model: Ordinary Least-Square regression 
Dependent variable: “D_analogue”, Dobs based on analogue climates; 
Independent variable: “chorologie”, a factor variable representing species’ biogeographic 
origins (levels:  Arctic-alpine,  Asia,  Eurasia,  Europe,  Holarctic,  Mediterranean,  North 
America) (Landolt et al., 2010) with the intercept coefficient representing the mean value of Dobs
for the Arctic-alpine species group. 
Call: 
lm(formula = D_analogue ~ chorologie, data = species_traits) 
Coefficients: 














29.234 < 2e-16 *** 
-5.524 7.47e-06 ***  
-0.641  0.5270 
-2.521 0.0179 *  
55 Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
56 Residual standard error: 0.08622 on 27 degrees of freedom 
57 Multiple R-squared: 0.5452,    Adjusted R-squared: 0.4947 
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Tukey HSD post hoc test with significant p-values displayed in red: 
Tukey multiple comparisons of means 
95% family-wise confidence level 
factor levels have been ordered 
Fit: aov(formula = D_analogue ~ chorologie, data = species_traits) 
$chorologie 
diff lwr upr p adj 















1.2: Widespread group (n = 358) 
0.15391385 -0.09833792 0.4061656 0.3586489 
0.21060741 0.10627983 0.3149350 0.0000423 
0.06288324 -0.20092797 0.3266945 0.9138203 
0.11957680 -0.01022938 0.2493830 0.0791153 


















Type of model: Ordinary Least-Square regression; 
Dependent variable: “D_analogue”, Dobs based on analogue climates; 
Independent variable: “chorologie”, a factor variable representing species’ biogeographic 
origins (levels:  Arctic-alpine,  Asia,  Eurasia,  Europe,  Holarctic,  Mediterranean,  North 
America) (Landolt et al., 2010) with the intercept coefficient representing the mean value of Dobs
for the Arctic-alpine species group. 
Call: 
lm(formula = D_analogue ~ chorologie, data = species_traits) 
Coefficients: 












chorologieMediterranean -0.10866  
chorologieNorth America -0.12065  
--- 
0.03497 16.383 < 2e-16 *** 
0.08917 -1.914  0.056495 
0.03591 -4.538 7.81e-06 *** 
0.03870 -3.674 0.000276 *** 
0.03805 -2.971 0.003168 ** 
0.04108 -2.645 0.008526 ** 
















Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 0.116 on 351 degrees of freedom  
Multiple R-squared: 0.07757,   Adjusted R-squared: 0.0618  
F-statistic: 4.919 on 6 and 351 DF, p-value: 7.565e-05 
Tukey HSD post hoc test with significant p-values displayed in red: 
Tukey multiple comparisons of means 
95% family-wise confidence level 
factor levels have been ordered 
Fit: aov(formula = D_analogue ~ chorologie, data = species_traits)  
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diff lwr upr p adj 
0.007644078 -0.2367960619 0.25208422 0.9999999 
0.020778982 -0.0339996595 0.07555762 0.9201826 
0.054318483 -0.0139907536 0.12262772 0.2198204 
0.049927364 -0.0006489828 0.10050371 0.0556167 
0.042326019 -0.1134040974 0.19805614 0.9842838 
0.162979093 0.0564750985 0.26948309 0.0001576 
0.028423060 -0.2197303072 0.27657643 0.9998764 
0.061962561 -0.1895241108 0.31344923 0.9906221 
0.057571442 -0.1896882613 0.30483115 0.9930759 
0.049970097 -0.2378341129 0.33777431 0.9986379 
0.170623171 -0.0938054487 0.43505179 0.4726964 
0.033539500 -0.0470536967 0.11413270 0.8804290 
0.049927364 -0.0006489828 0.10050371 0.0556167 
0.021547037 -0.1399490338 0.18304311 0.9996992 
0.142200111 0.0274298511 0.25697037 0.0050911 












































Mediterranean-North America 0.011992464 -0.1545801423 0.17856507 0.9999920 
Arctic-alpine-Mediterranean 0.108660611 -0.0131493427 0.23047056 0.1158031  
Holarctic-North America  0.007601345 -0.1525181357 0.16772083 0.9999993 
Arctic-alpine-Holarctic 0.113051729 0.0002267323 0.22587673 0.0491655 
Arctic-alpine-North America 0.120653074 -0.0648823191 0.30618847 0.4628197 
2. Plant ecology 
2.1: Disjunct group (n = 22) 
Type of model: Ordinary Least-Square regression; 
Dependent variable: “D_analogue”, Dobs based on analogue climates; 
Independent variables: “T + K + F + R + N + L”, six semi-quantitative Ellenberg indicator values 
for temperature (T), climatic continentality (K), soil humidity (F), soil acidity (R), soil nutrient (N), 
and light availability (L) (Ellenberg et al., 1991). 
Call: 
lm(formula = D_analogue ~ T + K + F + R + N + L, data = species_traits) 
Coefficients: 
Estimate Std. Error t value Pr(>t) 
(Intercept) 0.633713 0.280417 2.260 0.0391 * 
T -0.074839 0.035545 -2.105 0.0525 
K 0.013807 0.014783 0.934 0.3651 
F 0.029702 0.014077 2.110 0.0521 
R 0.001197 0.012728 0.094 0.9263 
N -0.020503 0.016500 -1.243 0.2331 
L -0.013075 0.021735 -0.602 0.5564 
--- 
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 0.09121 on 15 degrees of freedom 
9 observations deleted due to missingness 
Multiple R-squared: 0.4844,    Adjusted R-squared: 0.2781 
F-statistic: 2.348 on 6 and 15 DF, p-value: 0.08428 
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Type of model: Ordinary Least-Square regression; 
Dependent variable: “D_ analogue”, Dobs based on analogue climates; 
Independent variables: “T + K + F + R + N + L”, six semi-quantitative Ellenberg indicator values 
for temperature (T), climatic continentality (K), soil humidity (F), soil acidity (R), soil nutrient (N), 
and light availability (L) (Ellenberg et al., 1991). 
Call: 
lm(formula = D_analogue ~ T + K + F + R + N + L, data = species_traits) 
Coefficients: 
















0.086624 5.302 5.30e-07 *** 
0.015031 0.505 0.61436 
0.009356 -1.217 0.22605 
0.005927 -0.220 0.82650 
0.007625 -4.084 8.03e-05 *** 
0.006029 3.240 0.00154 ** 





































Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 0.1225 on 120 degrees of freedom 
231 observations deleted due to missingness 
Multiple R-squared: 0.2099,    Adjusted R-squared: 0.1704 
F-statistic: 5.313 on 6 and 120 DF, p-value: 6.843e-05 
3. Plant biology 
3.1: Disjunct group (n = 8) 
Type of model: Ordinary Least-Square regression; 
Dependent variable: “D_analogue”, Dobs based on analogue climates;  
Independent variables: “log(height) + SLA + log(diasp_mass) + LF”, three quantitative 
variables related to plant growth (height), photosynthetic performances (SLA), and dispersal 
abilities (diasp_mass) (Grime et al., 2007; Kleyer et al., 2008) as well as one factor variable related 
to Raunkiaer's plant life-forms (levels: chamaephytes, geophytes, hemicryptophytes, hydrophytes, 
nanophaneorophyte, therophytes) (Raunkiær 1907) with the intercept coefficient representing the 
mean value of Dobs for chamaephytes. 
Call: 
lm(formula = D_analogue ~ log(height) + SLA + log(diasp_mass) + LF, data = 
species_traits) 
Coefficients: 
Estimate Std. Error t value Pr(>t)  
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0.706727 0.159593 4.428 0.0474 * 
0.056854 0.041040 1.385 0.3002 
0.002435 0.003241 0.751 0.5309 
0.007335 0.024038 0.305 0.7891 
-0.360946 0.083526 -4.321 0.0496 * 





















































Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 0.04018 on 2 degrees of freedom 
23 observations deleted due to missingness 
Multiple R-squared: 0.9811,  Adjusted R-squared: 0.9337 
F-statistic: 20.71 on 5 and 2 DF, p-value: 0.0467 
3.2: Widespread group (n = 154) 
Type of model: Ordinary Least-Square regression; 
Dependent variable: “D_analogue”, Dobs based on analogue climates climates; Independent 
variables: “log(height) + SLA + log(diasp_mass) + LF”, three quantitative
variables related to plant growth (height), photosynthetic performances (SLA), and dispersal 
abilities (diasp_mass) (Grime et al., 2007; Kleyer et al., 2008) as well as one qualitative 
variable  related  to  Raunkiaer's  plant  life-forms (levels:  chamaephytes,  geophytes, 
hemicryptophytes, hydrophytes, nanophaneorophyte, therophytes) (Raunkiær, 1907) with the 
intercept coefficient representing the mean value of Dobs for chamaephytes. 
Call: 
lm(formula = D_analogue ~ log(height) + SLA + log(diasp_mass) + lF, data = 
species_traits) 
Coefficients: 
Estimate Std. Error t value Pr(>t) 
(Intercept) 0.3838047 0.0365296 10.507 <2e-16 *** 
log(height) 0.0017306 0.0110883 0.156 0.876 
SLA 0.0011107 0.0008743 1.270 0.206 
log(diasp_mass) -0.0043324 0.0039127 -1.107 0.270 
LFgeophyte 0.0346301 0.0390573 0.887 0.377 
LFhemicryptophyte 0.0080191 0.0351612 0.228 0.820 
LFhydrophyte 0.1171612 0.1149202 1.020 0.310 
LFnanophanerophyte -0.0007174 0.0543540 -0.013 0.989 
LFtherophyte 0.0499429 0.0410017 1.218 0.225 
--- 
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 0.1081 on 145 degrees of freedom 
204 observations deleted due to missingness 
Multiple R-squared: 0.06665,   Adjusted R-squared: 0.01515 
F-statistic: 1.294 on 8 and 145 DF, p-value: 0.2509 
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All computations were conducted in R v. 3.0.0 (R Core Team, 2013) using the ‘raster’, 
‘rgdal’, ‘maptools ‘rgeos’, ‘rgbif’, ‘car’, ‘ade4’, ‘adehabitat’, ‘fBasics’, ‘rgl’, ‘ggplot2’,
‘lattice’, ‘gridExtra’ and ‘PresenceAbsence’ packages for spatial data management and
statistical modelling as well as scripts written by ourselves and modified from Broennimann et al.
(2012), the latter having been partly rewritten for our analyses.  
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